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DIAGNOSIS OF CANDIDIASIS AND CANDIPEMIA OR INVASIVE 

CANDIDA INFECnON 

Field of the mvention 
The pr^eot invention relates to the use of Candida albicans cell wall 
antigens for seiological diagnosis of candidemia, and to llie use of dicolating 
(l-3)3-g]ucan and IgG subclass antibodies to C albicans cell wall antigens for 
5 diagnosis of systemic candidiasis. 

of the pfivention 

Invasive candidosis is difficult to diagnose and is the cause of sabstan* 
tial moxbidity and mortality in immnnosujypressed patients. The clinical syn^ 
10 toms are often vague and conventional blood cultuing is often negative [ de 
Repentigny L, KuykendaB R. J, Chandler F. W, Btodcraon J. R, Reiss E. Com- 
panson of serum mannan, arabinitol, and mannose in ej^erimental dissemi- 
nated candidiasis. J Clin Microbiol, 1984. 19(6): p. 804-12; Gutienez J, Ma- 
roto C, Piedrola G, Martin E, Perez J. A. Circulating Candida antigens and an- 
15 tibodies: usefUl maricers of candidemia. J Clin Microbiol. 1993. 31(9): p. 2550- 
2; Jones, J.M., Laboratory diagnosis of invasive candidiasis. Clin Microbiol 
Rev, 1990. 3(1): p. 32-45]. Laboratory diagnosis of deep Candida infection is 
based on blood cultuiing, direct microscopy, and detennination of Candida 
antigens. Asti-Candida antibodies and detection of D-arabinitol in seium or 
urine by gas liquid chromatography are complementary analyses [ de Repen- 
tigny L. KuykendaU R. J, Chandler F. W, Brodexson J. R, Reiss E. Comparison 
of serum mannan, arabinitol. and mannose in experimental disseminated can- 
didiasis. J Clin Microbiol, 1984. 19(6): p. 804-12; Gutierrez J, Maioto C, 
Piedrola G. Martin E, Perez J. A. Circulating Candida antigens and antibodies: 
useful markers of candidemia. J Qin Microbiol, 1993, 31(9): p. 2550-2; Fujita, 
S, Hashimoto T. Detection of senmi Candida antigens by enzymfr-linke'd im- 
mtmosoibent assay and a latex agglutination test with anti-Ow^fiaa albKons 
and aati^Candida krusei antibodies. J din Microbiol. 1992. 30(12)- p 3132-7- 
Nakamma A, Ishikawa N, Suzuki a Diagnosis of invasive candidiasis by de-' 
tecnon of mannan antigen by using the avidin-Wotin enzyme immunoassay J 
Clin Microbiol, 1991. 29(1 1): p. 2363-7]. 
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Antibody detennination for immunodiagnosis of systemic candidosis 
includes latex agglutination [ Dee T.H„ Johnson Berger C,S. Sensitivity, 
specificity, and predictive value of anti-candida senim precipitin and agglutinin 
quantification: comparison of counterinunimoelectrophaiesis and latex agglu- 

5 tination. J Oin Microbiol, 1981. 13(4): p. 750-3], counterimmunoclectrophote- 
sis [ Bisbc J, Miro J. M, Torres J. M, Latone X, Alia C, Araaid M, Estivill D, 
MaUolas J, Ttilla A, Soriano E. Diagnostic value of senim antibody and anti- 
gen detection in heroin addicts with systemic candidiasis. Rev Infect Dis, 1989. 
11(2): p. 310-5; Kostiala, AA. and L Kostiala. Bnzyme-Iinked immunosorbent 

10 assay (ELISA) for IgM, IgG and IgA class antibodies against Candida albicans 
antigens: development and comparison witii other methods. Sabouraudia, 
1981. 19(2): p. 123-34], indirect intmunofluorescence [ Quindos G, Ponton J, 
Cistema R. Detection of antibodies to Candida albicans germ tube in the diag- 
nosis of systemic candidiasis. Bur J Clin Microbiol, 1987. 6(2): p. 142-6] and 

15 enzyme-linked immunoassay [ Kostiala, A.A. and I. Kostiala. Enzyme-linked 
immunosorbent assay OBLISA) for IgM, IgG and IgA class antibodies against 
Candida albicans antigens: development and comparison with other me&ods. 
Sabouraudia, 1981. 19(2): p. 123-34; Greenfield R.A., Bussey, M. J, Stephens 
J. L, Jones J. M. Serial enzyme-linked immunosorbent assays for antibody to 

20 Candida antigens during induction chemotherapy for acute leukemia. J Infect 
Dis, 1983. 148(2): p. 275-83; Navarro D, Monzonis E., Lopez-Ribot J. L, Sc- 
pulveda P, Casanova M, Nogueira J. M, Martinez J. P. Diagnosis of systemic 
candidiasis by enzyme immunoassay detection of specific antibodies to myce- 
lial phase cell wall and cytoplasmic candidal antigens. Eur J Clin Microbiol 

25 Infect Dis, 1993. 12(1 1): p. 839-46]. The antibody tests often express a low 
sensitivity, i.e. in most cases they &il to discriminate between disseminated 
and superficial candidosis ( Martinez J.P, Gil M. L, Lopez-Ribot J. L., Chaffin 
W. Serologic response to cell wall mannoproteins and proteins of Candida 
albicans. Clin Microbiol Rev, 1998. 11(1): p. 121-41]. In order to increase tiie 

30 ^ecificity of the immundiagnostic tests, various Sums of antigens fixim C 
albicans including cytoplasmic extract and cell wall antigens [ Sendid, B, 
Tabouret M., Poirot J. L, Mattiieu D, Ruit J. Poulain D. New enzyme immu- 
noassays for sensitive detection of circulating Candida albicans mannan and 
antimannan antibodies: useful combined test for diagnosis of systolic caodidi- 

35 asis. J CKn Microbiol, 1999. 37(5): p. 1510-7; ZoUer L, Kramer I, Kappe R, 
Sonntag H. G, Enzyme inununoassays for invasive Candida infections: 
reactivity of somatic antigens of Candida albicans. J Oin Microbiol, 1991. 
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tivity of somatic antigens of Candida albicans. J Clin Microbiol, 1991. 79(9): 
p. 1860-7] have been used. 

The cell wall of C alhicMs makes up approximately 30% of the total 
wei^t of die cell and is conq)osed of catbohydrate (ghican, m«nr^ati and chi- 
S tin), small amounts of protein, and lipids. The outermost layer of Ihe cell wall 
is coo^osed of mannoprotein while the deeper layer is made iq> of P-glucan 
and chitin miciofihrils [ Reiss E., Heam V. M, Poulain D, Shepherd M. G. 
Structure and Junction ofihefimgal ceU wall J Med Vet Mycol, 1992. 
30(Sizppl 1): p. 143-56], Mannoprotein is a complex glycoprotein composed of 

10 mannose polymers and oUgomexs attadied in various ways to a peptide. Man- 
nose or unbranched maonose oligomers are also attached directly to a p^tide 
via the hydroxyl groups of serine or tineonine residues [ Nelson R.D, Shibata 
N, Podzorski R, P, Heiron M. J. Candida mannan: chemistry, suppression of 
ceU-mediated inrnmnity, and possible mechanisms of action. Clin Microbiol 

15 Rev, 1991. 4(1): p. 1-19]. 

Anti-DMnnan antibodies appear to be one of the major axxti-Candida an- 
tibodies in human sera [ Jones J.M. Quantitation of antibody against cell wafl 
mannan and a major cytoplasmic antigen of Candida in rabbits, mice, and hu- 
mans. Infect Immun, 1980. 30(1): p. 78-89]. The glucan polymers which are in 

20 greater abundance than mannan in the C. albicans cell wall are immunologi- 
cafly less active [ Nelson R.D, Shibata N, Podzorski R. P, Herron M. J. Can- 
dida mannan: chemistry, suppression of cell-mediated immunity, and possible 
mechanisms of action. CKn Microbiol Rev, 1991. 4(1): p. 1-19]. Since mannan 
is a major antigenic componeiit of the ceD wall, dififecent chemical and enzy- 

25 niaticmeftods have been used to extract mannan from Caftfcaos, bat these 
methods have limitations. When mannan is extracted by hot alkali tieatnyBnt, 
mannose-serme, and mannose-diTconine linkages, phosphodiester linkages and 
some pq>tide bonds are cleaved at basic pH. The loss of &e O-linked oUgosao- 
charidcs attached via phosphate groiqps leaves a modified mannan product Oiat 

30 is greatly altered in its antigenicity and biological effects [ Nelson R.D, Shibata 
N, Podzorski R. p, Henon M. J. Candida mannan: chemistry, sqiptession of 
cell-mediated immunity, and possible mechanisms of action. Clin Mit^obiol 
Rev. 1991. 4(1): p. 1-19]. Hot water extraction may denature flie protein strac- 
tuie m mannoproteins. Thus the extraction procedures may modify &e mannan 

35 product and alter the antigenicity. 
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Since a coi^le of decades incidence of invasive Candida infections 
has heca lisiag particiilazly in inmnmocompconaised patients. In the United 
States the Ca n dida genus is die forth most common microoxganism ffoap re- 
covered firomthe blood stream and die inddence is lising also in Europe 
5 (Harbarth, S., C Rne^ P. Francioli, A. Wldroer» and D. Pittet 1999. Noso- 
comial infections in Swiss university hospitals: a multi-centie survey and re- 
view of die published experience. Swiss-Noso Network. Schweiz Med 
Wochenschr 129:1521-8; Pfoller, M. R. N. Jones, S. A- Messer, M. B. 
Edmond, and R. P. WenzeL 1998. National surveillance of nosocomial blood 
10 stream infection due to Candida albicans: frequency of occurrence and antifun- 
gal susceptibility in the SCOPE Program. Diagn Microbiol Infect Dis 31:327- 
32; Vincent^ J. L., D. J. Bihari, P. M. Suter, H. A. Braining, J. White, M. 
H. NIcolas-ChanolB, M. Wolfi^ R- C. Spencer, and M. Hemmer. 1995. The 
prevalence of nosocomial infection in intensive care units in Europe. Results of 
15 the European Prevalence of Infection in Intensive Care (EPIC) Study. EPIC 
International Advisory Committee. Jama 274:639-44) Leukemic and transplant 
patients with general defects of one or more immune defense mechanisms as 
well as smgical patients in intensive care units (ICU) suffer fiequendy. Usually 
fee infection is of endogenous origin (Verdiiyn Lunel, F. J. F. Meis, and 
20 A. Voss. 1999, Nosocomial fimgal infections: candidemia. Diagn Microbiol 
Infect Dis 34:213-20). DifSculties in establishing a specific and early diagno- 
sisof Candida infection is one of the reasons for hi^ mortality among these 
patients (Armstrong, D. 1989. Problems in management of opportunistic fun- 
gal diseases. Rev Infect Dis 11 SuppI 7:81591-9; Gaflerrez, and J, Ue- 
25 bana. 1993. bnmunological mediods for the detection of stmctural conqjo- 
nents and metabolites of bacteria and fungi in blood. Ann Biol Clin 51:83-90) 
so great effort has been directed towards finding mote rapid diagnostic medi- 
ods. Blood culture, direct microscopy, detection o£ Candida ^ecific marker 
substances as different antigens, die Candida.spea&c metabolites iDLambinitol 
in serum and detection of Candida DNA in serum by PGR are the most used 
mediods for laboratory diagnosis (Chang, H. C^ S. N. Leaw, A. H. Hoang, T. 
L. Wn, and T. C. Chang. 2001. Rapid identification of yeasts in positive 
blood cultures by a multiplex PGR method. J Clin Microbiol 39:3466-71* dc 
Repentigny, U R. J. Koykendall, F. W. Chandler, J. R. Broderson, ^d E. 
Relss. 1984, Comparison of serum mannan. arabinitol, and mannose m ex- 
perimental disseminated candidiasis. J din Microbiol 19:804-12; Pojita, S, 
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and T. Hashimoto. 1992. Detection of senun Candida antigens by enzyme- 
linked inxmimosorbent assay and a latex agglutination test with anti-Candida 
albicans and anti-Candida krusei antibodies. J Clin Microbiol 30:3132-7; 
Gutierrez, J., and J. Liebaaa. 1993. Innnunological methods for the detection 
5 of stroctuial conqKmmts and metabolites of bacteria and fongi in blood. Ann 
Biol Clin 51:S3-9(h Jones, J, M. 1990. Laboratory diagnosis of invasive can- 
didiasis. Clin Microbiol Rev 3:32-45; Khan, Z. U., and A. S. Masta&. 2001. 
Detection of Candida species by polymerase chain reaction (PGR) in blood 
samples of experimentally infected mice and patients with suspected candide- 
10 mia. Microbiol Res 156:95-102; Nafcamura, A, N. ishikawa, and H. Suzuki. 
1991. Diagnosis of invastve candidiasis by detection of mannan antigen by us- 
ing the avidin-biotin enzyme immunoassay. J Clin Microbiol 29:2363-7). 

Antiboify tests have been less useful tnainly because axsH-Omdlda anti- 
bodies are often present in healthy individuals which is considered to be a con- 
15 sequence of immunization from Candida in the commensal flora (Odds» F. C, 
and E. G. Evans. 1980. Distribution of pathogenic yeasts and humoral anti- 
bodies to Candida among hospital inpatients. J Clin Palhol 33:750-6). Fuxiher- 
more, the antibody response of Candida-infected patients is often impmd by 
the underlying condition, particularly in non-surgical patients. 
20 Mannans and glucans are components of fungal cell waUs that may cirw 

culate in die blood stream during invasive fungal infections. In C albicans die 
highly branched and complex mannan conqionent of the cell wall is a major 
antigen (N^on, R. D.. N. Shibata, R. P. Podzorski, and M. J. Herron. 
1991. Candida mannan; chemistry, suppression of cell-mediated immunity and 
tS possible mechanisms of action. Clin Microbiol Rev 4:1-19). Methods for de- 
tection of mannan in serum have been used for immunodiagnosis of systemic 
Candida mfection with very high positive predective value but it has been es- 
tanated that less than half of die patients are detected (De Repentigny, L., L. 
Kanfinan, G. T. Cole. B. Kruse, J. P. Latge, and R. C. Matthews. 1994. 
0 Immunodiagnosis of invasive fungal infections. J Med Vet Mycol 32 Sappl 
1:239-52). Hie ghicaaof Cfl»fcai« ceflwaU consists of a P(l->3)a-»6)- 

F. M. Mis. 1995. Glucosyiation of ceU waU proteins in regenerating sphaco- 

please P(l-^3>.glucan to the medium during growdi (MiyazakI, S. 
Kohno, K. Mitsntake, S. MaesaW, K. Tanaka, and K. Hara. 1995. (l->3> 



'02 10/21 18:20 FAX +i^40 260516 AWAPAHiiT AB 

+46 40 260516 



10 



15 



20 



25 



30 



PRV 



t. : • • • ..■I i. j..il(\Sl 

• --0- 2 1 



Boot 



beta-I>-gliican in cuhure fluid of fimgi activates fector Q, a limahis coagulatioa 
factor. J CUn Lab Anal 9:334-9). The gtucan can be detected by a biochemical 
assay based on the ameobocyte lysate cos^aticm fectors fiom tud hoise^oe 
ciab (Tachypleus tridentatus) (Obayashi, M. YosUda, T. Mori, H. Goto, 
A. Yasnoka, H. Iwasald, H. Teshima, S. Kbhno» A. Horincht, A. Ito, and et 
al. 1995. Plasxna (l-^3>beta-]>-g1ucan measuremait in. diagnosis of invasive 
deep mycosis and fiingal febrile episodes. Lancet 345: 17-20). 

The inventozs and co-woffcets xecenUy Tq)orted patients witii sys- 
temic candidiasis have elevated IgG antibodies to native cell wall fragments of 
C albicofts and a phosphopeptidomaiman (PPM) fraction of the cell waU com- 
pared with healthy blood donors (Kondori, L. £debo, and L Mattsby- 
Baltzer. 2001. Candida albicans cell wall antigens fior serological diagnosis of 
candidemia. Medical Mycology). Thus, the appearance of the cell wall marker 
substances mannnns and giucans in many Ci»Mfi</a-infected patients, and the 
diversity of the IgG antibody foimation with respect to specificity promoted 
further investigation into the subclass distribution of IgG antibodies. 

The human IgG subclasses differ with respect to physical, chemical, and 
biological properties. IgGl, IgG2» and IgG3 activate conq>lement, al&ough 
rgG2 less efficiently. In contrast to IgGl, IgG3, and IgG4, IgG2 demonstrates 
no or low binding capataty to human mononuclear cells and neutrophils. The 
subclass distiibation of die antibody response is influenced by the nature of the 
immunogen, the localization of tihe enHy mto fbxt body, and age of the hosL 
IgGl and IgG3 antibodies are mainly induced by protein antigens whereas 
IgG2 is predommating against polysaccharides (HammarsCroin, M. Gran- 
strong V. Ozelios, M. A. Pwsson, and C. I. Smith. 1984. IgG subclass dis- 
tribution of antibodies against S. aureus tdchoic acid and alphartoxin in normal 
and immunodeficient dooocs. Clin Exp Immunol 55:593-601; Mattsby- 
Baltzer, I., L. Edebo, B. Jarvbolm, B. Lavenins, and T. Soderstrom. 1990. 
Subclass distribution of IgG and IgA antibody response to Pseudomonas pseu- 
doalcaUgenes in humans e3q)osed to infected metal-woildng fluid. J Allergy 
Clin Immunol 86:23 1-8; Shakib, F., and B. R. Stanwortb. 1980. Hunan IgO 
subclasses in health and disease. (A review). Part L Ric Clin Lab 10:463-79). 
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D^EScriptioI^ of flic inventiop 
On object of the pi^ent mvention is to provide more nadve fynos of C 
albicans cell wall antigens wMch may inq>rove the serological test for identi- 
fying patients mHi candidosis* 

In view of the above mentioned problems, an attempt was made to pio- 
paie native cell wall fragments and to release the phosphapeptidomannan fiom 
C. albicans cell wall by a gentle metihod to keep the immunogenic legions 
more intact. The an^ody activity against various C alblcems cell wall piepa- 
ratioos (cell wall fragments, modified cell wall fiagmjents, phosphopeptido- 
maiman, and 3(1-3X1-6) glucan) was investigated in order to find antigens 
with high discriminatoiy power for diagnosis of acute deep Candida infection. 
Rabbit immune sera and from patients with candideraia were used for this 
purpose. Tbe antibody levels were detemiinedby flie enzyme linked 
immunosoibent assay (ELISA). 

Serological tests for diagnosis of disseminated fimgal infections in the 
immunocompromised host are used wiA varying results. lii the work leading to 
flie ptesent invention, the discriminatoiy power of antibodies to C albicans 
cell wall oon^onents was evaluated in order to find antigenic markers for sero- 
logical diagnosis of candidenua. 

Native C albicans cell wall fragm^ (CW), pcriodate (CW104) and 
protemase-K (C Wp) treated CW. a mildly extracted pbosphopeptidomannan 
(PPM), and P(l-3)(l-6)-ghican were used as antigens in ELKA witti seia from 
rabbits immunized with C albicans (n=l 0), patients with culture proven can- 
didemia (11=8). and healthy Individuals (n-8). 

The antibody response in rabbits was predommated by anti-PPM anti- 
bodies a finding which was confiimed by inhibition-EUSA. Accordingly, pc- 
riodate treatment (CW,o4) destroyed a major part of the antigenic epitopes. 
Low rabbit antibody levels were foimd against glucaa, die miyor Canada cell 
waU component supporting its localization mainly in the inner part of flie C 
albicans cell waH. Somewhat dijfFemnt from the rabbit serum IgG antibody 
response against PPM, which was at least tenfold higher dian against CW, the 
human IgG antibotfy levels in patients with candidemia were similar for both 
^gens. the levels being significantly higher than in the healthy controls (CW 
P-0.0005 and PPM. P<0.0001). Although the human anti-ghican and anti- ' 
CWiM IgG anlfljody levels were overall low, they were stiU significantly m- 
creased m die patient group (P=0.01S9 and P=0.0491, respectively), hi addi- 




02 10/21 18:21 FAX -1-49^ 260S16 AffAPATlAfr AB 

446 40 260516 



8 



PRV 



laoio 



10 



15 



20 



25 



30 



35 



Haa a conelatiaii was noticed between these antibodies. No signijEicant di£G»- 
ences weie found tar IgM antibodies between psitients and controls using CW, 
CWi04> PPM and Ghi as antigens. In conclusion, IgG antibodies to PPM and 
native cell wall fiagments (CW) were highly disaindnotcny for candidemia 
and fhnis promising antigoa candidates for s^odiagnosis. 

Fuxthennore, in view of the above mentioned problems, die and 
IgG subclass antibody responses to native and periodale>ti»ated cell wall fiag- 
ments, PPM and p(l->3)(l-^6)>glucan were studio in serom fiom patients 
with systemic candidiasis with a two fold aim, one was to investigate tiie dis- 
criminatory power of subclass antibodies to die C albicans cell wall antigens 
in invasive candidiasis doing so it was also possible to shed a light onto the 
precondition for the formation of C albicans antigen-antibody complexes witii 
file c^>acity to circulate in die blood-stream. Circulating p(l-»3)-gIucan and 
mannan were detennined with commerdaliy available kits. 

Invasive candidiasis in die immunocompromised host and tiiosc supetiiF 
fected witii fungus present both diagnostic and therapeutic problems. The in- 
ventors and co-woricers previously described the antibody activity towards C 
albicans cell wall fragments (CW), pcriodate-treated CW (CW104), phos- 
phopeptidomannan (PPM), and p(l-3)-glucan. In this study circulating fungal 
aotigOTS (mannan, P(l-3)glucan) and IgG subclass antibodies to the above cell 
wall antigens were analyzed in patients with systemic candidiasis- Sera fiom a 
total of 1 5 patients collected on two to tiuce consecutive occasions starting at 
die day of culture-proven candidiasis were analyzed by enzyme linked immu- 
nosoibent assay (ELISA). Control groups consisted of lactating moOicrs (n=9, 

group I) widi breast milk positive for C«»fcfliw and acute inflammation of 
the nipples and age-matched blood donors (n«10, group U). 

It was shown that within die first three weeks all patients were positive 
for |5(l-3>glucan (Gluspecy), but none for mannan (Pastorex Candida}. The 
controls were neither positive for P(l-3)-ghican (<20 pg/ml) nor mannan (< 2.5 
ng/ml). IgGl anti-CW and IgG2 anti-PPM antibodies wete die most discrimi- 
natoiy antibodies. The IgGl anti-CW antibodies were paidy less sensitive to 
non-C. albicans candidiasis. The ratios of IgGl anti-CW/IgG2 anti-PPM were 
significantly lower in non-suiviving patients dianindie odier patients witiim 
the first 6 days of candidiasis (P= 0.019). IgG2 anti- CW104 and anti-glucan 
antibodies correlated strongly (p<0.0001) and a lack of these antibodies were 
associated wiA mcreasmg P(l-3)-glucan levels. A high antibody level for IgGl 
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anti-CW or Ig02 anti-PPM antibodies (> log 3), or &e sum of tiien) log S) 

showed a 92% sensitivity and 100 % specificity and positive predictive value. 

In conclusion, p(l-3>-gIucan and Ae two subclass antibodies scctd to be early 

spedfic maxjoexs in the laiboiatoxy diagnosis of candidiasis. The kinetics of die 
5 p(l>3)-g|ucan level may also help in evaluating tbe tiier^eutic efficacy of an- 

timycotic treatment 

Ihus^ tbe present invention relates to the fbllowmg: 

The use of a combinatton of an IgG2 antibody to a phosphopeptidoman' 

nan (PPM) fiaction of die cell wall of C albicans, and an IgGl antibody to a C 
10 albicans cell wall antigen, and ghican for Ae diagnosis of candidiasis or invar 

sive candidiasis. 

The use of an antibody, such as an IgG2 antibody, an IgGl antibody 
and/or an IgG3 antibotfy, to a C albicans cell wall antigen or to a sohibilized 
phosphopeptidomannan (PPM) fiaction of the cell wall of C albicans fortiie 
15 diagnosis of candidiasis or invasive candidiasis. 

A diagnostic kit for the diagnosis of candidiasis or invasive candidiasis 
compzi^g 

• means for drawing a sample fiom a patient; 

• means for an assay, such as a a sandwich ELISA assay, for tiie detec- 
20 tion of a combination of an IgG2 antibody to a phosphopeptidomannan (PPM) 

fiaction of tiie ceU wall oiC albicans, and an IgGl antibody to a C albicans 

cell waU antigen, and glucan, wherein said sanq)le is analyzed for the presence 

of file simultaneous presence of an IgG2 antibody to a phosphopeptidomannan 

(PPM) fiaction of die cefl waU of C albicans, and an IgGl antibody to a C al~ 

25 frficons cell wall antigen, and glucan. 

Diagnostic kit tot fiie diagnosis of candidiasis or invasive candidiasis 
compiising 

• means for drawing a sample fiom a pati«i^ 

• means for an assay, such as a sandwich EUSA assay, for the deleo- 
tion of an antibody, such as an JgG2 antibody, an IgGl antibody and/or an 
IgG3 antibody, to a C albicans cell waU antigen or to a sohtbiUzed phos- 
phopeptidomannan (PPM) fiaction of tiie ceD wall of C albicans, wherein said 
sanqjle is analyzed for tiie presence of an antibody to a C albicans ceU wall 

anugen or to a solubilized phosphopeptidomannan (PPM) fiaction of tiie cell 
35 wall of C albicans. 
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A mettiod for diagnosing candidiasis or invasive candidiasis a patient 
con^nsing 

• drawing a sanqplefitom the patiCTt, and 

• perfoiming an assay for tbe detection of an IgQ2 antibody to a phos- 
S phopeptidomannan (PPM) fiaction of the cell wall of C albicans, and an IgGl 

antibody to a C atbicans cell wall antigen, and glocan, 
wherein the simultaneous presoice of an IgG2 antibody to a phosphopeptido- 
mannan (PPM) fiaction of tiie cell wall of C atbicans. and an IgGl antibody to 
a C albicans cdl wall antigen, and glucan indicates candidiasis or invasive 
10 candidiasis in the patient 

A method for diagnosing candidiasis or invasive candidiasis a patient 
comprising 

• drawing a sanq>le from &e patient, and 

• perfonning an assay for the detection of an antibody to a C albicans 
15 cell wan antigen or to a solubiHzed phosphopeptidomannan (PPM) fraction of 

tile cell wall of C albicans, 

wherein the presence of an antibody to a C albicans cell wall antigen or to a 
solubilized phosphopeptidomannan (PPM) fraction of tiKe cell wall of C albi- 
cans indicates candidiasis or invasive candidiasis in the patient. 
20 The use of an antibody, such as an IgG antibody to a native cell wall 

fragment of C albicans and/or an IgG antibody to a solubilized phosphopepti- 
domannan (PPM) fraction of the cell wall of C albicans, preferably a hxmian 
scrum IgG antibody, ferfte diagnosis of candideroia or invasive Candida in- 
fection. 

25 ^^^Wostic kit for die diagnosis of candideniia or invasive Candida in- 

fection conqnisiag 

• means for drawing a sanqile from a patient; 

• means for an assay, such a sandwich ELISA assay, for the detection 
of an IgO antibody, such as a human serum IgG antibody, to a native cell wall 

30 fiagment of C albicans or an IgG antibody to a sohibilized phosphopeptido- 
mannan (PPM) fiaction of the ceU wall of C albicans, wherein said san^le is 
analyzed for the presence of an IgG antibody to a native ceU wall fiagment of 
C albicans or an IgG antibody to a solubilized phosphop^domannan (PPM) 
fraction of the cell wall of C albicans. 

A method for diagnosing candidemia or invasive Candida infection in a 
patient comprising 
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• drawing a sainple firom fhe patient, and 

• peifonnmg an assay Sot Uie detection of an IgG antibody, snch as a 
human seiuxn IgG antibody, to a native cell wall fiagment of C albicans or an 
IgG antibody to a solubilized phosphopeptidomannan (PPM) fraction of the 

S cell wall of C aJbicans, 

wherein the presence of an IgG antibody to a native cell wall fragment of C 
albicans or an IgG antibody to a solubilized phosphopeptidomaniun (PPM) 
fraction of the celt wall of C albicans indicates candidemia or invasive 
Candida infection in the patient. 
10 The invention will now be further explained in the following examples. These 
examples are only intended to illustrate the invention and should in no way be 
ccmsidered to linut tiie scope of die invention. 



Brief d^crjp tion of the drawings 

15 In tiie examples, reference is made to the accompanying drawings on 

which: 

Rgnre 1 is a microphotograph of C albicans yeast cells treated with ^s 
beads (phase contrast microscopy, magnification 500). Dead cells are pro- 
20 sented by dark enqrty sacs, whae whole yeast celkaRjearwi&brigMcenlere. 

Figure 2 iflustrat©. IgG and IgM antibodies to CW in five rabbits immmuzed 
with fimnnalin killed yeast cells (a, X) and CW (v, u, x) as amdyzed by BUS A. 
Serum samples were also collected before the start of immunization (day 0). 
The antibody concentrations are expressed as the absoibance value at a serum 
dilution of 1/1000. 



25 



Figure 3 illustrates rabbit IgG anti-C albicans antibodies analyzed by EUSA 
using CW, CWp, CW,04, PPM, Glu and Man as antigens. The seia were ana- 
30 lyzed at a dilution of 1/100. 

Figure 4 illnsfrates how the rabbit serum pool (dilution 1/2000) was absorbed 
with varying concentrations of antigens and analyzed for remaining IgG and 
IgM antibody activities against CW. Absorption was perfomied with C W i\) 
35 CW,o4 (V) and CWp (tr). The antibody activity of die unabsotbed serum pool is 
mdicated. 
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Figure 5 illustrates senim IgG and IgM antibodies to CW, CW104, PPM, and 
Olu in patients with cultuie-pioven candidiasis (PS) and healthy blood donors 
(C) as analyzed by ELISA. Median values for each group are assented. StatiS' 
tica] cooqparison was peifbnned wiHt Welch t test 



Figure 6 illustrates glucan concentration in serum from patients with systenuc 
candidiasis, stq>eificial Candida infection (control group I), and healthy blood 
donors (group IT) (a). Kinetics of the glucan concentration for each patient with 
respect to the time at which Candida was isolated (day 0) (b). The detection 
limit was 10 pg /ml as determined by Gluspecy. 

F^ure 7 iUustrates serum IgGl, IgG2, and IgG3 antibodies to C albicans cell 
wall antigens in patients with systemic candidiasis and controls (gioup I and 
n). The antibody activity was analysed by ELISA (<2 log, no antibody activity 
in serum diluted 1:100). 

Figure 8 iUustrates IgGl, IgG2, and IgG3 antibodies to C albicans cell wall 
antigens in patients witii systemic candidiasis at different time pomts after iso- 
lation of Candida from die patient The antibody activity was analyzed by 
ELISA. Dashed lines indicate patients with nan-albicans infections, open sym- 
bols indicate patients who did not survive the infection. 



EXPERIMENTAL ~ PART I 
Matetials and methods 

Antigens 

C albicans (strain ATCC 64549) serotype A was grown in Sabourad 
dextrose broth on a shaker at ST^C, for 24 h. Yeast cells were obtained from 
Ae culture medium by centrifugation. The antigenic factors 4, 5 and 6 were 
expressed by the yeast ccHs as determined by Candida Check (latron laborato- 
ries, Japan), an agglutination test using rabbit polyclonal antibodies directed to 
factor 4, Sand 6. 

Formalinized yeast cells were used for immunization of rabbits. Thus, 
cells were suspended in formald^yde (5%) and kept at r.t overnight The cells 
were washed two times wflh distilled water and once with PBS. Before the 
cells were lyopWKaed «e Wiling efficiency was checked by culturing. 
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Ceff waU fragments ofC albicans (CW). After repeated washings of 
the cultivaiBd cells, &e cell pellet was suspended in a& equal vohune of dis- 
ti Ued water. Glass beads (0.5 mm in diameter) woe added to ^ cell suspen- 
sion in a voliune ratio of 1:3. The mixture was shaken repeatedly (20 ^cles) in 
S a voitex mixer for one mixnite with intarvab<m ice. The siq>em^^ 

leded and the glass beads were washed sevcxal times with distilled water, till 
tiie washing scdution became clear. The supernatant and washiug solutions 
were pooled. The cell wall fiaetion was sedimented at 1200 ?cg for 10 min and 
washed 10 times wifli ice-cold distilled water. Almost coznplete cell breakage 
10 (90-95%) was obtained as assessed by phase-contrast microscopy (Fig. 1), The 
CW suspension was washed three tunes with distilled water and fieeze-dried. 

Modified CW. C W was treated with sodium periodate in order to destroy 
the carbohydrate structures by oxidation. To 16 mg of lyo^ulized CW sus- 
pended in 5 ml of O.IM sodium phosphate buffer (pH 6) was added 0.5 ml of 
15 0.15 M NaI04 [ Quash G, Roch A. M, Niveleau A, Grange J, Keolouaugkhot 
T, Huppert J . The preparation of latex particles with covalently bound poly- 
amincs, IgG and measles agglutinins and their use in visual aggtatmation tests. 
J Immunol Methods, 1978. 22(1-2): p. 165-74]. The mixture was left at 4«C in 
the dark for 3 h. The reaction was stopped by adding 0.6 ml of 0.15 M NazSOj. 
20 After 30 min, the mixture was dialyzed against 0.1 M phosphate buffer pH 6. 
at 4»C overm'^ The bufifer was changed several times to remove low molecu- 
lar wci^t oxidation products. FinaUy the CW was dialyzcd against distUled 
water. The periodate treated CW suspension (CW104) was lyophilized. 

CW was also Heated wifli proteinase K, m order to reduce the protein 
25 content Lyophilized CW (20 mgAnl) was incubated with proteinase K (final 
concentration 2 mg/ml) (Sigma. USA), at 37^ for 3h [ Hitchcock P,J, Brown 
T.M. Morphological heterogeneity among SalmoHetta lipopolysaccharide 
chemotypes in sih^er-stained polyacrylamide gels. J Bacteriol, 1983. 154(1): p. 
269-77]. Thereafterihe enzyme was heat-inactivated by mcubation at 70«»C for 
3 0 min. The suspension was washed three times with distiUed watn and finally 
dialyzed at 4*»C overnight. The dialysate (C Wp) was lyqphili2»d. 

Phosphop^tidomannan(PPM), PPM was extracted by a method used 
by Uoyd with Cladosporium wemecHi [ Lloyd K.O. Isolation, characteriza- 
tion, and partial stmcture of peptide galactomannans ftom the yeast form of 
Cladosporium M;emecTdL Biochemistry, 1970. 9(17): p. 3446-53]. Fieeze-dried 
Cdlhicans yeast ceUs (11 g) were suspended in 110 ml of 0.05 Mpotassmm 
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phospliate ha£Bet (pU 7.0) aad beat-tceated at lOO^C for 2 hr. After cooling the 
extract was fractionated vntk 0^2 g of hexadecyltciinelfaylaaunaniijm bromide 
(Cetavlon) at pH 8.8, in the presence of 6.1 ml of boric add (1%). The precipi- 
tate was centrifuged and washed with 0.5% sodium borate (pH 8,8). The lesi- 
5 due was dissolved in 2% acetic acid (3. 1 nd) and sodium acetate (0.06 g). 
Ethanol (3 volxmies) was added to the solution. The resulting precipitate was 
removed by centiifugation and washed with 2% acetic acid in ethanol followed 
only by ethanol. The product was lyoi*ilized and yielded 0.108 g (1%) of ma- 
terial. The PPM was highly water soluble. 

10 PPM was further characterized by SDS polyacrylamide gel electropho- 

resis (3-8% gradient gel, Invitrogen life technologies, USA). PPM was mixed 
in sample buffer (NuPage sample buffer, hivitrogcn,) and heat ireated at 70*'C 
for 10 min prior to application onto the gel. The gels were stained for protein 
by Silver Stain Plus (BIORAD, USA) and for carbohydrate by the periodic 

15 acid-Schtff (PAS) mediod [ K^itany RA,. Zebrowski E.J. A high resolution 
PAS stain for pcdyactylamide gel electrophoresis. Anal Biochcm, 1973 56f2)- 
p. 361-9]. 

l>egradiUioH of PPM wiA add and aikalL In order to chamcterize acid 
and / or alkali-labile epitopes, PPM was treated wifli HCl and NaOH as de- 
20 scribed by Kobayashi et al [ Kobayashi H, Matsada K, Ikeda T, Suzuki M, 
Takahashi S. Suzuki A, ShibataN, Suzuki S. Siructuies of cell wall mannms 
of pathogenic Candida troptcalis WO 0199 and IFO 1647 yeast slrams. Infect 
Inmnm. 1994. 62(2): p. 615-22]. PPM was dissolved in 10 mM HCl in a final 
concentration of 9 mg/ml and incubated at lOO'C for Ih as described by Koba- 
yashi [ Kobayashi H, Matsuda K, Ikeda T, Suzuki M. Takahashi S, Suzuki A, 
Shibata N, Suzuki S. Structures of cefl wafl mannans of padiogenic Candida ' 
/ropfca/fc IFO 0199 and JFO J 647 yeast strains. Infect famiun, 1994. 62(2): p. 
61 5-22]. The solution was neutralized with 100 mM NaOR The acid treated 
PPM was designated PPMro. For alkali heatment, the PPM was dissolved in 
100 mM NaOH at a final concentration of 6.7 mg/ml. The resultant solution 
was kept at 25-0 for 1 8 h and thereafter neutralized with 1 M HO [ Kobayashi 
H. Matsuda K. Dceda T, Suzuki M. Takahashi S, Suzuki A, Shibata N, Suzuki 
S. Structures of ceH waU mannans of pathogenic Candida tropicalis IFO 0199 
andlFO 1647yeast5trains.lhfectlmmun. 1994. 62(2); p. 615-22], Hie alkali 
35 treated PPM was designated PPMnioh. 
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Giucan (Glu)^ GXviyc^iparsdicaBLSacckaron^ees cerevisiae (Sigma, St 
Louis), barley (Glu-B), and Alcaligenes faecalis (CHu-C) was used. Glu con- 
sists of p(l-3)(l-6)-Z>- linked glucose residues, whidi is also a conqKinent of 
C albicans giucan [ Kapteyn J. C, Montijn R. C, Dijkgraaf G. J, Van den Ende 
H, KMs F. M. Covalent association of beta-l^-glucan with beta-1,6- 
glucosylated mannoproteins in cell walls of Candida albicans. J Bacteriol, 
1995. 177(13): p. 3788-92; Sanjuan R., Zueco J, Stock R, Font de Mora J, Sen- 
tandrcu R. Identification of ghican-mannoprotein complexes in the cell wall of 
Candida albicans using a monoclonal antibody that reacts with a (1,6)- beta- 
glucan epitope. Microbiology, 1995. 141(Pt 7): p. 1545-51; Smits G. J, Kap- 
teyn J. C, van den Ende H, Klis F. M. Cell wall dynamics in yeast Curr Opin 
Microbiol, 1999. 2(4): p. 348-52]. Glu-B consists of P(l-4)(l-6>.iD-linked ^u- 
cose residues. Glu-C consists entirely of p(1.3)-i?-linked glucose residues. Glu 
and Ghi-C, which are insoluble in water, were solubilized in 0.1 M NaOH at a 
15 concentration of 10 mg^nl. These solutions were then used for chemical analy- 
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Mannan (Man), Mannan of C albicans ATCC 64549 was prepared in 
accordance wifli the description of Koucotek and BeUou [ Kocourek J, BaUou 
C.E. Method for fingerprinting yeast ceU wall mannans. J Bacterial, 1969. 
100(3): p. 1 175-81]. Briefly, mannan was extracted in 0.02 M citrate buffer 
(pH 7.0) at 125« for 90 min. foUowed by pwscipitation wifli Fdiling sohition. 
The copper complex was dissolved in 3 M HQ, and piecqiitafBd wifli meflia- 
nol-acetic acid, dien washed with ethanol and ethyl-eiher. Tlie product was air 
dried. 

This antigen was prepared in order to compare the commonly used man- 
nan extraction procedure wift that of PPM. 

Determination of protein, hexose and phosphate 

The protein content of the various antigens was determined by a colon- 
metric method. A set of standard protein concentrations was prepared by dilut- 
ing a stock solution of bovine semm albumin (BSA). The standard solution, 
blank, and unknown samples (CW, CWp, CWio*, PPM, Man, Glu, Ghi-B. and 
Glu-Q were added in 50 id volumes to the weUs of a microliter plate. The bi- 
cmchoninic acid protein assay reagent, BCA (Pierce, USA) was added to each 
well (200M). The sohitions in the wells were allowed to mix for 30 sec The 
plate was incubated at 37''C for 45 min. Hie absoibance was read at 560 nm 
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The standard curve was plotted and the protein concentr^ons deteunined for 
eachsan^le. 

Hexose was detennmed by the coloiimetric method of Dubios et al. with 
mannose and glucose as standaids [ DaMos M> GiUes KJ^ HamOtoa J. K, 
s Robers P. A, Smith S. Ccdcnin^tric mefliod for determination of sugars and 
related substances. Anal. Chem., 1956. 28: p. 350-356]. 

The phospluite was detrandned \ry the mediod desoibed by Annes et al. 
with some niodifications [ Ames B.N,. Diibin D.T. The role of polyamines in 
neutralization of bacteriophage deoxyribonucleic acid J. Bacteriol. Chem.» 
10 1960. 235(3): p. 769-775]. 

Antibodies to C aJbieans 

Eabbit antiserum. Antiserum to C albicans was prepared by immuniz- 
ing ten New Zealand white rabbits (2-3 l?g) with i.v. injections of 200jil of 

15 fonnalin-ldlled C albicans (1 mg/ml, two rabbits) or C albicans CW 

(Img/ml) dissolved in PBS. The animals were immunized twice a week for 
eight weeks. The rabbits were bled once a week prior to the injection of C. aU 
bicdns. One week after the last inmwnization the rabbits were exsanguinated 
by heart puncture. Serum was stored fiozen. A pool of afl ten antisera was pre- 

20 pared 

Sera from patients with eandidemia. Sera from patients with candide- 
nria were analyzed for antibody activity against CW, PPM» and Ghi by ELISA. 
Healthy blood donors constimted the control group. The mean age of the pa- 
tient and control group was 65 ± 14 and 59.5 ± 4, respectively. The sera were 
collected fiom Ihe patients approximately one week after the blood culturing. 
AH patients wctb on flucytosine treatment at the time of blood sairq)ling. 

Eiu^rnie-linked immanosorbent a»ay, ELISA 

Microplates (Nunc immonoplate, Denmark) wens coated with 100 pi of 
a suspension of CW, PPM. Man or Ghi. diluted in 50 mM NajCQ, buffer, pH 
9.3 . The CW antigen was sonicated prior to coatmg in order to disaggregate the 
ceD waU fragments which made the solution clearer. Optimal coating concen- 
trations of CW, PPM, Man and Glu were detennined by using the pool of rab- 
bit antiserum diluted to 1/1000. Optimal concentrations were readied at 50 5 
5 and 20 ng/ml of CW. PPM, Man and Glu, respectively. TTie plates were U 
cubated at ro om tenqierature for 2 h. and hereafter kept at 4'C overnight Af- 
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terimsing the plates once with PBS, 100 ]il of blocking buffer (1% w/v BSA, 
0.05% Tween 20 in PBS) were added to each well and incubated for 1 h at 
room tempeiature. The plates were rinsed once with 0.05% Twe^ 20 in PBS 
<PBS-T). Rabbit oar human serum diluted in tenfold serial steps (1/100 - 
5 1/10000) in PBS-T, was added to the wells (1 00 fil) in duplicates and incu- 
bated for 2 h a(t room ten^exature. ARer rinsing the plates tinee times wiOi 
PBS-T, 100 ^1 of alkaline pbosphatase-conjugated goat anti-iabbit at goat anti> 
human XgM or IgG were added to the weQs. The conjugated anti-rabbit anti- 
bodies (Souliiem Biotechnology Associates, USA) were used at ditutions of 

10 1/1000. The coigugated anti-human IgO and IgM (Jackson ImmunoResearch 
Laboratories, USA) were used in concentratians of 0.6 fig/mL After incubation 
at room temperature for 2 h followed by rinsing, 100 n\ of paiamtxophen^d- 
phosphate (1 mg/ml, Sigma) diluted in diethanolamine buffer (pH 9.8) were 
added to each well. The absorbance was read at 405 nm after a suitable color 

15 intensity had developed. 

Inhibitioii assay 

Increasing amounts of CW, CWrm, CWp. PPM, Man, or the various glu- 
cans (0.1-1000 ng/al) were added to series of tubes containing a constant 
20 amount of rabbit immune senim. The solutions were incubated at 37*0 for 30 
min and thereafter at 4«C overnight The solutions were centrifuged to remove 
any precipitation, and the supematants were analyzed for the remaming anti- 
body activity using CW, GIu. and PPM as coating antigens. The pool of rabbit 
immune seium dilated 1/500 (Glu) or 1/2000 was used for Ae inhibition assay. 
The inhibition capacity of an antigen was defined as the concenliation needed 
for inhibiting &e antibody activity to 50%, i.e. reducing the absorbance value 
to 50% of fliat of Oe unabsozbed serum dihition (EIjo) [ Mattsby-Baltzer I, 
Miehiiczuk Z, Latsson L, Lindgren K. Goodwin S- Lipid A m Helicobacter 
pylori. Infect Immun, 1992. 60(10): p. 4383-7]. 
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Results 

Characterization of antigens 

The hexose, protein and phosphate contents of CW, CW104, CWp, PPM, 

Man. and the glucans are shown in table 1. CWk)4 contained the lowest and 
highest amount of carbohydrate and protein, respectively. This was expected 
smce periodate treatment oxidises alddiydc gioi^ of carbohydrates [ Kanbe 
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T. Moiishita M, Ito K, Tomita K, lAsunomiya K, Ishigufo A. Evidence for ihe 
presence of imnnmoglobttlin £ aatibodies specific to the cell wall phospho- 
mannopiDteins of Candida albicans in patients witb allergies. Clin Diaga Lab 
laomnnol, 1996. 3(6): p. 645-50]. The proteinase trrattaait redact die inotein 
5 content to approximately 50% of that in CW. PPM contained 10% protein and 
0.83% phosphate. The phosphate content of PPM was approximatlely 3 and 500 
times higher than in C W and Man respectively. PPM ccmtained 4 times more 
protein than Man. 

SDS-PAGE of PPM revealed a major part of PAS positive material 
10 above a molecular wei^t of 200 kD. Two bands (j^proximatdy 48 and 36 
kD) wCTe observed by protein staining (not shown). 



15 



Specificity of rabbit antibodies to C albicans 

The IgG and IgM antiTwdy responses to CW were analyzed in all immu- 
nized rabbits. The antibody response pattern was ahnost the same for all rab- 
bits (only five rabbits shown in Fig. 2). The rabbits immunized wiih whole 
yeast cells showed an earlier response. The preiromone sera of flie rabbits 
showed no or low antibody levels. 

The specificity of *c antibodies was finder investigated by using CW, 
20 CWp,CWio«, PPM, Man and Glu as antigens (Fig. 3). The highest IgGanti- ' 
body levels were observed with PPM. The anti-PPM antibodies correlated sig- 
nificantly only with the anti-CW antibodies (P - 0.023). The l^G antibody ac- 
tivity was higher against Man and CW than agamst the modified CW antigens 
or Gin. The anti-CW antibodies correlated significantly with die antibodies 
against protehiase orperiodate treated CW (P = 0.010, and 0.028 feapectivcly). 
The anti-mannan antibodies did not correlate with any other antibody. The 
lowest antibody activity was found against Ohi and CWjo*. These antibodies 
were strongly correlated (P < 0.0001). No IgG antibody activity was observed 
m the preimmune-sera against the various antigens except for Glu. AU rabbits 
except one showed low anti-Glu antibody activity before the immunization 
(not shown). 

Differences in antibody activity against die varying antigens could partjy 
have ongmated &om variations in die binding of the antigens to die microplale, 
v«*ile stin e:^sing similar or identical antigen epitopes. Therefore cioss- 
reactoons between die CW preparations, PPM, Man, and Glu were studied by 
fiUSA mhfl>rtiQn. The pool of rabbit immune senmi was absorbed by CW 
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CWf04y aad CWp and the xcmainiiig antibody activity was analyzed hy ELISA 
using CW as antigen (Fig. 4). EIso for CW104 was 500 (794 ^g^) and 50 
times (251 \ig/wl) faigher for IgM and IgG respectively, eompazed with 
Homologous CW antigen (1.6 and 5.4 ^g^ml for IgM and IgG, respectively). 
5 Thus periodate treatment of CW reduced the number of antigenic ^itopes. Hie 
EIso for CWp was three times higher for IgM and ^>proximate1y the same for 
IgG (4 and 5 iig^ml, respectively) in companson with the homologous antigen, 
indicating minor influence on antigen epitopes (Fig. 4). 

The proportion of anti-CW antibodies directed against PPM, Man, and 
10 Glu was analyzed by absorbing Ae pooled rabbit immune seium with Ae car- 
bohydrate antigens (table 2). EISO for Glu was approximately 1400- and 16 
000 times higher for IgG and IgM compared witii PPM. The conesponding 
figures for Man were 5000 and 4000 times. These results showed that die anti- 
CW antibodies mainly consisted of antibodies to PPM and Man and to a much 
15 lesser extent to Glu. Glu-C inhibited the anti-CW IgG antibody activity at 4^ 
times higher ccmcCTtratiQn dian needed for Glu. 

The IgG antibody activity to Ghi after absorption with ib& homologous 
antigen. CW, PPM, Man, Ghi-B, and Ghi-C was also analyzed (Table 3). EI50 
was 22 and 28 higher for PPM and CW, respectively, con^ared with Glu. No 
20 inhibition was obtained wife Man, Glu-B or Gltt-C. 

Regarding anti-PPM antibodies, Man and CW inhibited the IgG anti- 
body activity to 50% by a concentiatiQn 2 and 35 times of feat of PPM respec- 
tively, while Ghi could not inhibit fee antibodies (Jablc 4). 

The changes in antigenic activity of PPM tieated by acid or alkali, were 
CQn5)aied with the untreated PPM. The Bl^ values for PPNfea and PPM„aoH 
were five- and twofold increased compared wife untreated PPM. 

Antibodies to CW, ppM and Glu in sera from patients wHh c«i»HM Am<o 

Sera from patients wife candidemia were compared wife fee sera fiom healfey 
blood donors regarding IgG and IgM antibodies to CW, CWto4, PPM and Ghi 
(Fig. 5). The patients showed significantly increased levels of IgG antibodies 
to an antigens compared wife fee control group. The IgG anti-PPM antibody 
levels showed the greatest difference between fee two groups wife all patient 
sera showing higher antibody levels than all fee reference sera. The IgG anti- 
body activity against CW104 and Glu were lowinbofepatients and controls. 
Highly significant coirelations were established between CW and fee other 
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antigens (Peaison coirelatian, P< 0.0001). In contrast to the zaibbit anti-CW 
IgG Boitibodies tiie human anti-CW IgG antibodies were bi^ly conelated to 
tiie anti-Glu antibodi^. Also in humans the anti-CWio4 IgG antibodies cone- 
lated siiongly witii anti-Ghi antibodies p<0.0001). No significant differences 
were established between the two groups fi>r IgM antibodies. 

JQiscnssiCTi 

Human serum IgG antibodies to sohiUlized PPM or as a native cell wall 
constituent showed the strangest difference xegarding patients with candidemia 
and hcalttiy conlrols. Also ^gG antibodies to CWrm and Ghi were diserimina- 
toty. No signifioaniiy increased IgM antibody levels were observed for any of 
the antigens suggesting that the C albicans infection was not a first time chal- 
lenge. Most probably the patients had been exposed to Candida eartier in Hfe. 
As a consequence antibody tests using agglutination would tend to be undis- 
criminatory, since IgM has much stronger agglutinating capacity than IgG, 

PPM, constituted the predominating antigen in liie C albicans cell wall 
according to the antibody analysis of both rabbit inmume sera and human sera. 
The inhibition ELISA revealed no oflier antigenic cell wall components of sig- 
nificance in ihe native cell waU except for Man. which could be regarded as a 
chemically stripped form of PPM. Thus, the location and abundance of man- 
nopiotein in the outermost layer of the cell wall, is concurrent with high im- 
munogftiicity [ Nelson ILD, Shibata N, Podzorsld R. P. Henon M. J. Candida 
mannan: djemistry, suppression of ceD-mediated immunity, and possible 
mechanisms of action, din Microbiol Rev, 1991. 4(1): p. 1-19; Ftadin C Pou- 
lain D, JonaultT. bcta-U-linked oligomannosides fiom Candida albicans 
bind to a 32- Idlodalton macxophage membrane protein homologous to the 
mammalian lectin galcctin-3. Infect Immnn. 2000. 6S(8): p. 4391-8; G«nmill 
T.R, Tnmble R.B. Overview of N- and O-lirikcd oligosaccharide structures 
fonnd in varions yeast species. Biochim Biophys Acta, 1999. 1426(2): p. 227- 

The reported tenqj^ature^pendent disappearance of sur&ce anligemc 
factors4,5.and6inCa/Afca«5 NIHA-207 was not observed with Ca^fcaa. 
stram used -by the inventors grown at 37»C [ Okawa Y. Takahata T. Kawamata 
M, Miyauch, M, Shibata N, Suzuki A, Kobayashi H, Suzuki S. Temperanire- 
dependent change of serological specificity of Candida albicans NIH A.207 
ceUs cultured in yeast extract-added Sabouraud Kquid medhmi: disqipearancc 
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of surface antigenic factx>is 4, 5, and 6 at high ten^erature. FEBS Lett, 1994. 
345(2-3): p. 167^71]. Possible explanations could be that different strains be- 
have somewbat di£Eerently or that fiie gioivth media are not identical. Wliedier 
such sur&ce antigoi changes take place in vivo is not known. 
5 Most immunodiagnostic methods available for routine purposes are 

based on the mannaa conqionent of the Canada cell 'wall. Di£ferent methods 
have beoi used for prqiaration of large amaaxnts of mancan including extrac- 
tion wiA alkali, citrate buffer or water at temperatures of 100 to l40*'C[Ko- 
courdc J, Ballou C.E. Method for iingeiprinting yeast cell wall mamians. J 
10 Bacteriol, 1969- 100(3): p. U75-81, Funayama M, Nishikawa A, Shinoda T» 
Suzuki M, Fukazawa Y. Antigenic relationship between Candida parapsilosis 
and Candida albicans serotype B. Microbiol Immunol, 1984. 28(12): p. 1359- 
71; Peat S,, Whelan W.J, Edwards. T^. Polysacdiaride of the baker's yeast 
Partrv. Mannan. J. Chem. Soc. (London), 1961: p. 29-34; SfaibataN, Ichikawa 
15 T, Tojo M, Takahashi M, Ito N, Okubo Y, Suzuki S. bnmunochamcal study 
on the marmans of Candida albicans NIH A-207, NIH B-792, and J-1012 
strains prepared by fractional precipitation wifli cetyltrimediylammoirium bro- 
mide. Arch Biochem Biophys, 1985. 243(2): p. 338-48]. Extracted mannan has 
been separated from other conq)onents by precipitatioa The solution of Fch- 
20 ling as originally described by Peat et. al. has been used for this purpose in 
most serological investigations, alfliough this method has disadvantages [ Sen- 
did. B. Tabouret M., Poirot J. L, Mathieu D, Fruit J, Poulain D. New enzyme 
immunoassays for sensitive detection of circulating Candida albicans mannan 
and antimamian antibodies: useful combined test for diagnosis of systemic 
25 candidiasis. J CKn Microbiol, 1999. 37(5): p. 1510-7; MeckstroA K.L, Rciss E, 
Kdler J. W, Kaufooan L. Detection of antibodies and antigenemia in leukemic 
patients with candidiasis by enzyme-Mnked immunosoibent assay. J Infect Dis, 
1981. 144(1): p. 24-32; Lehmanu P JF, Reiss E. Comparison by ELISA of se- ' 
mm aati'Candida albicans mannan IgO levels of a norma] population and in 
diseased patients. Mycopalhologia, 1980. 70(2): p. 89-93; Au-Young JJC, Ttoy 
F.A, Goldstein E. Serologic analysis of antigen-spedfic reactivity in patients 
widi systemic candidiasis. Diagn Microbiol In&ct Dis, 1985. 3(5): p. 419-32] 
The alkaline pH of Fehling-s solution modifies the structure of the mannan by 
clcavmg the mannose-serine and mannose-threanine linkages and some peptide 
bonds. That alkaline pH modifies the antigen was supported by tiie increased 
EIso value of PPMi,.oH widi respect to untreated PPM (table 4), Another disad- 
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vantage is diat a coBsidend)le amount of copper remains bound to llie mamian, 
even after washing the product several times [ Nelson ILD, Shibam NT, PodzoF- 
sid R. P, H«cron M. J. Candida mannan; chemistry* siqipression of cell- 
mediated immunity, and possible mechanisms of action. Clin Microbiol Rev, 
1991. 4(1): p. M9]. 

In tilie study leading to flw present invration, PPM was extracted by a 
very mild method using phosphate buffer (pH 7.0) and a tenq>eratuTe not ex- 
ceeding 100*C, followed by Cetavlon pzecipitation. By using Cetavlon, link- 
ages sensitive to cleavage at an alkaline pH were preserved. PPM contained 
10% protein and almost 1% pho^hate, which was 4- and 400-fold hi^er 
compared with the respective concentrations in Man. Based on these chemical 
data, together with a higher anti-C albicans antibody activity against PPM 
than against Man in ELISA, a different pattern of the inhibitoiy activity of 
PPM compared with Man in inWbition-EUSA, and the significant CQirelation 
of anti-PPM to anti-C W antibodies, the prepamtion procedure according to the 
invention for PPM appeared to better retain antigenic detenninants than the 
extraction procedure for Man (Fig. 3, Table 1-4). Possibly critical structures 
such as phosphodiester linkages and peptide bonds were left more intact in 
immunodominant portions of PPM. 

The presence of the charged phosphate groups in the outer region of the 
wall has effects not only on the attraction or attachment of yeast cells to other 
surfaces, but probably also on the antigenicity. The anionic sites on developing 
genu tubes are beUeved to be fonned by the negatively charged phosphate 
groups [ Reiss E., Heam V. M, Poulain D, Shepherd M. G. Structure and Junc- 
tion ofthefimgal cell wall. JMedVctMycdi, 1992. 30(SuppI 1): p. 143-56]. It 
has been shown &at mutant strains of C albicans , which lacked flie maunos^- 
a-phosphoryl and mannosyl-al-6-linkages, escf^ ag^utination by a rabbit 
polyclonal antisenan, raised against C albicans blastoconidia [ Whelan WX, 
Delga J. M, Wadsworth E. Walsh T. J, Kwon-Chung K. J» Calderane R, L^ke 
P. N. Isolation and characterization of ceU sur&ce mutants of Candida albi- 
cans. Infect Immun, 1990. 58(6): p. 1552-7]. The results suggest diat &e phos- 
phate groups and &e estcar-bound side chains are important for antibo<fy recog- 
mtion. Thus, mannan purification methods that break up such Unkages could 
be detrimental to iSbs antigen detenninants. 

Reduction of the protein content in CW, ^>proximately to 50% (Table 
1), did not significantly change the antigenicity of CW (Fig 4). The modifica- 
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tion loobably reduced Ihe absoiption of the autigen to Ihe miaotiter plate (Fig 
3), since lower antibody activity was observed against it than against untreated 
CW, whraeas it letained almost identical capacity as CW to absorb anIi-C W 
antibodies. Periodate oxidation ofCW diminislied the antibody activity signifi- 
cantly, probably as a consequence of reduction in carbohydrate cont^t and 
furflier modificatioxis of antigenic epitopes. The strong condation of bodi hu- 
man and rabbit IgG anti-CWio4 wflb anti-ghican antibodies indicated that 
common epitopes occur in bofli types of prepaiatiQns, most probably P(l-3)(1- 
6) glucan. 

Antirmannan antibodies are widely and normally fonnd in human sera [ 
Jones J,M. Quantitalion of antibody against ceU waU maonan and a majosr cy- 
ttq)lasniic antigen o£ Candida in rabbits, mice, and humans. Infect Immmi, 
1980. 30(1): p. 78-89]. Faux et al, reported that 76% of an aduh blood donor 
population had specific antibodies to mannan, and Aat the most fiequent anti- 
maanan antiTiody was of the IgG class determined by ELISA [ Faux J.A Agba- 
rakwe A. E, Misbah S. A, Chapel H. M, A comparison of specific IgG aliti- 
body levels to the cell waU mannan of Candida albicans in nonnal individuals 
and m patients with primary antibody deficiency. J Immunol Methods, 1992. 
153(1-2): p. 167-721. The method for exiiacting the mannan antigen was, how- 
ever, not described. In our stu<ty all control sera showed IgG antibody activity 
to PPM and the PPM-containing native CW. However, the levels of antibody 
to PPM were significantly mcicased in the patient group. These results are in 
agreement with the study of Greenfield et aL who reported that IgG antibodies 
to mannan (extracted according to Peat et. al.) in EUSA were increased during 
episodes of invasive candidosis in immunosupptcssed patients wifli a sensitiv- 
ity of 65% [ Greenfield ILA., Bussey, M. J, Stephens J. L, Jones J, M. Serial 
enzyme-linked immunosorbent assays for antibocfyto Candida antigens during 
mducbon chemotherapy for acute leukCTiia, J hjfyct Dis, 1983. 148(2)- p 275- 
83]. In a more recent study in immunocompromised patients anti-mamian anti- 
boAes mcreased within two weeks after the probable onset of hrvasive candi- 
dosis m connast to patients that were only colonized with C albica,is [ van 

^rS" A t "^"^ W» ^^^^ M. F, Vcr- 

bru^ H. A. Kmetics of anti-mannan antftodies useful in confirming invasive 

candid,as« m immunoconq,romised patients. Microbiol Immunol, 1996. 40(2)- 

p. 125-31]. A sensitivity of 64% was established in this study using a hemae- 

gjutmation assay, which.shows the highest efficiency with IgM antibodies 
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Since our results show no discrinunatoiy effect of IgM antibodi^, inqnoved 
discrhnonation would be eucpected by using IgG antibody specific medio^. Au- 
Young et al. ^owed tiiat patients wilii systemic candidosis had elevated anti- 
mannaxi antibodies as tested by ELISA compazed with patients with bacterial 
5 or oAer fimgal infections [ An- Young J.K, Troy FA Goldstem E. Serologic 
analysis of antigen-specific reactivity in patients wiA systemic candidiasis. 
Diagn Microbiol Infect Dis, 1985. 3(5): p. 419-32]. The intetpretation of the 
results was difficult, however, since two out of three patients with candiduria 
and one out of five controls had anti-mannan antibody levels comparable to 
10 those of the patients with systemic candidosis. In that study a slightly modified 
version of that of Peat et al. was used fca the preparation of mannan and the 
aiitibodies were not analyzed with respect to their isotypes. Meckstroth et al. 
conchided that the ELISA titer of IgG antibody to mannan (prepared according 
to Peat et aL) varied widely in leukemic patients irrespective of state of immu- 
15 nosuppression or infecrion and was thus of no diagnostic value [ Meckstroth 
KX, Reiss E, KeUer J. W, Kaufinan L. Detection of antftodies and antigene- 
mia in leukemic patients wifli candidiasis by enryrae-Iinked imraunosotbent 
assay. J Infect Dis. 198 1 . 144(1): p. 24-32]. In view of our results and the re- 
ports using the mannan for antibody IgG analyses by EUSA, fiie specificity 
20 seems to improve with less modified mannan antigens such as our PPM which 
mi^ be fimher enhanced wi^ subclass IgG antibody analysis. 

In contrast to PPM and Man. ghican with P(1-3X1-6>D Imkages was less 
effective in inhibiting the anti-CW antibody, suggesting that anti-glucan anti- 
bodies were not a major conqjonent in &e rabbit immune serum. In addition, 
25 the anti-Ghi antibodies were highly specific for P(l-3)(l-6) linkages, smce no 
inhibitory activity was observed by p(l-4Xl-6) or p(l-3) glucan. Hie anti-Ghi 
levels m humans widi candidemia were as low as for CWkm- Since p(l-3)(1.5) 
glucan alone induces high antibody levels in immunized rabbits (au&ois un- 
published results) our results arc in agreement with the suggestion that ghican 
30 18 located deeper in! the cell wall of C. fl/A/caw5 and thereby less immunogenic F 
Saiauan R, Zueco J. Zueco J, Perez J. Penarroja C, Sentandreu R. A compara. 
tive study of file in|oipoiation of a 1,6-beta-glttcan and an O- glycosylated pro- 
ton c^tope mto the cell wafl of Candida albicans. Microbiology, 1996. 142(Pt 
8): p. 2255-62]. A stronger immunogenicity would probably require bteak- 
: 35 <iownoftheceUwallfiragmentsandi«csentetionbymacrophages. 
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Jn summaiy, IgG antibodies to PPM and tibe native CW were found to be 
potential maifcers for detection of invasive Candida in&ction. 

EXPERIMENTAL- PART U 

S Material and methods 

Candida albicans 

C. albicans, serotype A (strain ATCC 64S49) was grown in Sabouraud 
dextrose broth on a shaker at SV^C, overnight Yeast cells were obtained fiom 
the culture mediiun by centrifiigation. The cells were washed ftree times in 
10 distilled water. The antigenic factors expressed by tiie yeast cells were £u;tor 4, 
5 and 6 after cultivation at 37**C in sabouraud dextrose medium overnight 
(Candida Check, lairon laboratories, Japan). 

Antigens 

15 Cell waU fragments ofC albicans (CW)- Cell wall fiagments of Can- 

dida were prepared by a method described earlier (Kondoii, N,, L. Edebo, 
and I. MaMsby-Biatzer. 2001 . Candida albicans cell wall antigens for sero- 
logical diagnosis of candidemia. Medical Mycology). Briefly, washed C. albi- 
cans yeast cells were shaken together with glass beads repeatedly. The super- 

20 natant was collected and tiie fiagments were sedimented by centrifiigation at 
1200xgfor lOmin. 

PeriodutB tnatmeut ofCW(CWtod. The Candida cefl wall fragments 
were treated witii sodium periodate in order to destroy the caibobydtate struc- 
tures by oxidation as described before (Kondori, L. Edebo, and L 

25 Mattsby-Bahzer. 2001. Candida albicans cell wall antigens fijr serological 
diagnosis of candidemia. Medical Mycology). Briefly, 0, 15 M NaI04 was 
added to CW suspended in O.IM sodium phosphate buffer (pH 6). After 3 h the 
reaction was stored by 0.15 M NajSOj and tiie suspension dialyzed against 
0.1 M phosphate biffer (pH 6). The periodate treated CW suspension (CWnu) 

30 was lyophilized. 

Phosphop^tidomannan (PPM), PPM was exttacted by tijc method de- 
scribed by Kondori et. aL (Kondori, L. Edebo, and I, Maftsby-Baltzer. 
2001. Candida albicans cell wall antigens for serological diagnosis of can- 
didemia. Medical I^fycology). The extracted ceU wall antigen was fiactionated 
35 witii cetavlon at pH 8.8 in the presence of boric acid TWs fraction is composed 
of iqpproximately 9ja% caibohydiate, 10% protein and 0.8% phosphate 



•02 10/21 18:27 FAX +4 



• 



260516 



AWAPATWiT AB 
W 40 2S0516 




■♦ PRV 



Ii028 



26 



10 



IS 



20 



25 



30 



(Kondori, N., L. Edebo, and I. Mattsby-Baltzer. 2001. Candida aflncans cell 
wall antigens for serological diagnosis of candidemia. Medical Mycology). 

Glucitn. Glucao from Saccharomyces cerevisiae (Sigma) was used. 
Glucan consists of p(l->3)(l-»6) linked glucose lesidues. This stcuctuie is 
also found in ghican of C albicans (Kapteyn, J. L. L. Hoyer, J. E. Hecht, 
W, H, MuUer, A- Andel, A. J. Verkieij, M. Makarow, H. Van Den Ende, 
and F. M. Wis. 2000. The cell wall architecture of Candida albicans wild-type 
cells and cell wall-defective mutants. Mol Microbiol 35:601-1 1; Kapteyn, J. 
C, R. C Montqn, G. J. D^kgraai; H. Van den Ende, and F. M. Klis. 1995. 
Covalent association of beta-l,3'^ucan with beta-l,6-glucosylated mannopro- 
teins in cell walls of Candida albicans, J Bacteriol 177:3788-92). This gincan, 
which is insoluble in water, was soliibilized in 03 M NaOH at a concentration 
of lOmg/ml. 

Study group 

Candidiasis, Serum samples were coUected on two to three occasions 
after documentation of systemic candidiasis by culturing ftom 14 patients 
(mean age 62 ± 12 yeais) (Table 1). The foHowing criteiia were ^lied indien 
laboiatoty and clinical files were examined: (i) positive cultute of specimens 
fiom noimafly stetfle sites (bJood, bile, drain, peiicaidial fluid); (iO the pres- 
ence of risk factors <cancer and chemoffaen^y, abdominal suxgery or use of 
broad-spectruTO antibiotics); (iii) ^ presence of infectious syndrome (fever) 
that did not respond to antibacterial thenpy. 

Controls, Two control groups were mcluded in Ihis study. One group 
(group I) comprised nine lactating mofheis with suspected superficial C. albu 
cans infection of thenopples (mean age 31+5) and ten heaWiy blood donors (8 
men and 2 women, mean age 53+7.5) (g[oiq> Dt), 

j 

IgG subclass antibody analysis. 



Microplate wells (Nunc immunoplate, Denmark) were coated with 100 
111 of 50 jig^ml of CW or CWto4. For gtocan and PPM 20 and 5 Mg^ml respec- 
tively were used. The antigens were diluted in 50 mM Na^COa buffer, pH 9.3. 
The plates were indibated at room temperature (r.t) for two hours and thereaf- 
ter kept at 4«Covewiight After rinsing die plate once with PBS. lOOnlof 
blocking buffer (BF) (1% BSA, 0.05% Tween 20 in PBS) was added to each 
well and the plate incubated for Ih at r.t The plate was rinsed once with 0 05% 
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Twee3DL-20 in PBS (PBS-T). Hunidn seid. diluted in tMtfold serial steps (1/100- 
1/10000) in BF were added to each wdl (100^1) and incubated for two br at T.t. 
Hereafter die plates were nosed duree tiin» wi& PBS-T between each incuba- 
tion step. Miuine monoclonal antibodies (Immunotech) to IgGl, (JL512% IgG2 
5 (GOMl), IgG3 <ZG4) and IgG4 (RJ4) diluted in BF were added to Hie wells 
(100 ^1). The plate was incobated at i.t. for 2h, and diereafier 100 fil of bioti- 
n>4ated rabbit anti mouse IgG (Dako, Deomaxk) diluted 1/5000 inBF were 
added. After incubation at r.t ov«nig|i^ 100 p,! of alkaline phosphates conju- 
gated extravidin (Sigma) diluted 1/10 000 w^ added and the plate was incu- 

10 bated at r.t. for 60 min. Paxa-nitrophenylphosphate (Intg/ml, Sigma, USA) di- 
luted in diethanolamin bufier (pH 9.8) was added to each well and the absoxb- 
ance was read at 405 ma when a suitable color had developed. 

The antibody titer of a serum was defined as the log of dilution that gave 
an absorbance value of 0.15 above the background value. Two serum samples 

15 were included in each assay as standards, one with a high antibody titer 

(pooled sera from patients) and another one with a low antibody titer (pooled 
sera fimm healthy individuals). If these standards deviated more than 10% fiom 
Iheir values, the results were adjusted accordingly. 

20 Glucan determinalloo. The P(l-3)-gJucan concentration in serum was 

determined by a commeicial kit. Ohispecy (Seikagaku, J^an). All glasswares 
were heated to 180«»C for 4h in order to remove any contaminants. Serum sam- 
ples were diluted 1/10 in pyrogen free water and heat inactivated at 75'C for 
10 min in order to inactivate inhibitory Hictors possibly present in the serum 
(ADD REF). Serum and standard sanqsles were added to the microplate wells 
(50 ^V) before pippeting 50 ^1 of lysaie reagent into the wells. The plate was 
incubated at 37»C for 30 min, dien 50 (U of each of the azo-coupHng reagents 
were added to the wells. The azo-coupling mcreased the sensitivity of the as- 
say. The absorbance was read at 560 nm. The standard curve was plotted and 
P(l-3>-giucan concentration determined for each sample. The detection limit of 
the assay was 1 pg/ml and accordingly the detection limit was 10 pg/ml of Ae 
serum samples. 
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Mannan determination. For determination of mannan in senim a 
commercially available latex agglutination test Ca«£/«fo-Pastorex (Sanofi Di- 
agnostics Pasteur) was used. The assay was run according to the manufecturc's 



02 10/21 18:28 FAX hJB|0 260516 AWAPATUIT AB 

+45 4a 260516 



I 



@090 



28 



10 



instnicdon. To 300 ofpatient senan were added IQOfil of EDTA treatxnezit 
solution and tiiie mixture boiled for 3 min and centriiuged at 1 0 000 xg fori 0 
min. Ten fil of Candida latex solutioa was added to 40 ^l of supernatant. The 
solution was placed on a mixer for 10 min and Aereafier exanuned for aggluti- 
nation. 

Statistical analysis. Data were analyzed by the metiiod of Kniskal- 
WalUs to avoid random significance whox conqjaring several groups. Correla- 
tions were analyzed by ^eaiman's rank correlation test. 

Resnlts 

Circulating antigens 

Analysis of patients with candidiasis showed that 37 out of all 38 sam- 
ples were positive (>20 pg/ml) for p(l->3>glucan (Fig. 6>. The p(l-3)-glucan 

15 negative sample was however collected fh>m the patioit (patients 12) at least 
three weeks after Ifae first cultivation of C tropicalis from die patients (Fig 6). 
Only one (patient 7) out of five patients (7, 8, 9, 10, 1 1) who succumbed to die 
Candida infection showed glucan concentrations below 100 pg /ml in all sam- 
ples. The oflier four patients had levels of at least 120 pg/ml (Fig. 6). The otiier 

20 patients who sundved had ghican levels lower than 100 pg/ml in their last se- 
rum sample except four of &em (patient 1, 4, 5, 14). However, for one of these 
patients the ghican levels dropped in from over 300 to 1 10 pg/ml, probably 
indicating a succesfid recoveiy. The patient with the lowest glucan levels (no, 
12, Table 1) were infected with C. tropicalis. 

25 Theconceotrationsof|5(1^3>glucaninserum5an5>lesfrompatients 
with superficial iimgal infection and from flie hcaltJiy blood donors were all 
below 20 pg/ml (Fig. 6). Thus the concentzaticm of P(l->3)-glucan in serum 
samples from patients widi invasive candidiasis was significantly elevated 
ccmipazed to tiiose in controls. 

30 Patient and controls were also analysed for mannan by Fastotex Can- 

dida assay. AD of the patients and controls were negative. 

IgG subclass antibodies against C albicans ceU waO antigens. 

C?F. Hie IgO subclass antibody analysis using C albicans CW as anti- 
35 gen showed tiiat IgGl. IgG2, and IgG3 antibodies were significantiy elevated 
m patients compared to die control groups (Fig. 7a, b, and c). AD samples from 
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two Qfut of finir patients (no. 12 and 14, Table 1) infected vnSx C. trapicalis and 
C glabrata were negative for IgOl antibody to C albicans CW (Fig. 8a). The 
highest antibody titeis were found within tiie first week (< 7) of cuhuie-proven 
candidiasis. The tit»> of C albicans infected patients were sigmficantly higher 
5 than those of nan-albicans in£^ed ones for IgGl antibodies to CW first after 
14 days or more ^)=0.049, not shown). Only one of the superficially Candida 
infected women in ffoup I was positive for IgOl antibodies to CW (Fig 7a). 

Three patients were negative for IgG2 antibodies to CW (Fig. 8b). Two 
out of fliese patients were infected wifii C glabrata (Fig. 8b, Table 1), Two oat 

10 of nine in control group I were shown positive values dose to the boidor line 
for tiiis antibody (Fig 7b). 

Regarding IgG3 antibodies to CW, one of the two patients who were 
negative was infected with C. glabrata (Fig 8c). The hi^est IgG3 antibody 
titers were found between 7-13 days after positive blood cultures (Fig 7c). All 

1 5 the healdiy blood donors were negative for IgG3 antibodies, while two women 
with supecfidal Candida in&ction in group I were positive. No differences 
(P>0.05) were found between the patients and the controls regarding IgG4 and 
IgM antibodies to CW. The ELISA titer were usually very similar m patients 
as weU as cootzols (dam not ^own). 

20 CH^oM, glucan, and PPM. Concerning IgGl, IgG3 and IgG4 antibodies 

to CWto4, glucan, and PPM no discriminatory differences were found between 
the patients and tiie controls (data not shown). DifibrCTces between patients 
and controls were found, however fot IgG2 antibodies to these antigens (Fig. 7 
d,e,fandTable2). 

. 25 For the two last sampling points in patients (fe7-13, and ^14) the levels 

of Ig02 antibodies to CW104 were significantly higher when compared wifli 
control group I (Fig 7 e). Four patients were negative, and one of Aese did not 
survive (Fig. 8 e). In addition, all four presented increased glncan values with 
time (P=0.0037, Fischer's exact test). 
30 igG2 antibodies to PPM were sigmficantly increased in patients com- 

pared to the controls (Fig. 7 d, table 2). All of the patients were positive for 
IgG2 antibody to PPM (Fig. 8 d). Only one serum san^le was negative within 
the first week. This very early serum sanq»le was negative in other antibody 
tests. However, also three controls in group I were positive for IgG2 antibodies 
to PPM, while aU of the healthy blood donors were negative (Fig. 7 d). Look- 
ing at tfi© ratios of IgGl anti-CW/IgG2 anti-PPM they were significantly lower 
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in non-sucviving patients flwn in the oftusc patients, especially witfain ibe fixst 
week << 7) after &e ciiliivatian of Candida from blood (P» 0.019, not shown). 

IgG2 antibodies to glacan were ailso significantly higher oaas^aed. to 
the controls except wh» con5)aring ihe senim samples of <7 days (Fig 7 f). 
S Three patients, all infected with C albicans , were negative at all time points 
and were the same as found negative for IgO anti- QWso^ antibodies (Fig. S f)- 
One of tfie controls in group I and another one in group n were positive (^ig 7 
f). 

A strong correlation was found between IgG2 antibodies to CW and 
10 PPM (Table 2), and between IgG2 antibodies to CWrm and ghican (PO.OOOl, 
not shown) reflecting the predominating PPM antigen in CW and Ae ghican ' 
content of CWhm* respectively. No correlation was observed between IgGl 
anti-CW and the IgG2 anti- CW,o4, -PPM, and -glucan antibodies indicating 
that flie IgGl antibodies are direcfed against other antigenic epitopes in the CW 
15 (Table 2). 

No significant correlation was found between ghican concentration in 
serum and any IgG subclass antibody. However glucan correlated wiA IgM 
antibodies to CW (P < 0.0001). 

The sensitivity, specificity, positive and negative predictive values of 
the antibody detection tests were calculated (Table 4). The sensitivity of IgG2 
antibody detection test mcieased fiom 85% for C W to 98% when PPM was 
used. The s^tivity of IgGl and IgG3 antibodies to CW were almost a» same 
(80% and 85% leqpectively). The lowest specificity was found for IgM anfi- 
bodies to CW. which makes tfiese antibodies of no diagnostic vahie. 

It is inq)ortant to be able to distinguish patients with systemic candidi. 
asis from other mfections as early as possible afiertiie onset of cHnical symp- 
toms. For this reason the discriminatory power of the combination of the most 
sensitive method agG2 anti-PPM) with the most specific one (IgGl anti<nv 
antibody) was analyzed (Table 3). A positive scrum san^le was defined as ei- 
Uier a titer of log 3 for any of the two antibodies or a log sum of at least 5 Al- 
though the sensitivity was 70% within the fi«t week (< 7) of culture-proven 
candidiasis, the combination of these antibodies increased the specificity and 
posmve predictive value to 1 00%. Alfliou^ the glucan concentcation on its 
o^ Identified all candidiasis cases, this parameter together with the combined 
IgG2 anti-PPM and IgGl anti^JW antibodies strongly support a deep Candida 
iniectiQn. 
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Table 1. Uiido'lymg diseases and colture data of paiiaits indicated in the 
systemic candidiasis. 
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tient 
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11 
12 



13 
14 



M 66 
F 82 



M 64 
F 46 



xopa^es 
Thorax Atrial fibril- 3 
ladoa 

Trans- Gallbladder 3 
planta- neoplasms 
tion 
Unit 

Surg^ Diabetic 2 
coma 

Trans- Hepatitis B 3 
plastap andh^ati- 
tion tisC 
Unit ■ ■ 



Blood 
Blood 



C albi- 
cems 
C. tropi- 
calis 



sur- 
vive 



Blood /Dra- C, glabra- sur- 
in to vive 
Bile C glabra- sur- 
ra Vive 



* M, male; F, female. . 
.** > Dead 

ftt^^atieiit was described with Candida septicaemia, (sepsis) 



Table 2. The conelation between IgQ2 antibodies in serum sample from pa- 
tients wi& systemic candidiasis. The coirelation was calculated by Spearman's 
rank correlation test. 









IgG2 








CW,04 


fm 


(iiucan 


CW- IgGl 




ns 


ns 


ns 


CW- IgG2 




0.0010 


<0.0001 


ns 


CW- IgG3 




0.0191 


0.0484 


0.0077 


CW-IgM 




ns 


0.0317 


ns 



Table 3. S«Dsitivity» specificity and predictive values fen- the detection of 
subclass antibodies in patients with systemic candidiasis. 
15 



ParametCTs* CW CW CW CW PPM CWim Glncan 
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% IgGl IgQ2 IgG3 IgM IgG2 IgG2 IgG2 



Sensitivity 


80 


85 


85 


90 


98 


66 


61 


Specificity 


95 


89 


89 


26 


95 


74 


89 


Positive Predictive 


97 


94 


95 


74 


93 


85 


93 



Value 



Negative Predic- 69 74 74 56 95 SO 52 

tivB 

Value 



Results are calculated per senim according to analysis of 41 smxin 
samples from 14 patients with systemic candidiasis, and 19 serum samples 
from controls. 



Table 4. Sensitivity, specificity, and predictive values for combined detection 
of IgGl anti-CW and IgG2 anti-PPM antibodies at different time points afrw 
culture-proven Candidiasis. 



Parameters * 


Combinatioii of ^Gl anti-CW and IgG2 anti- 
PPM* 




<7 days 


7-13 days 


> 14 days 


Sensitivity 


70 


92 


8S 


• • 

: Specificity 


100 


100 


100 


\ Positive predictive value 


100 


100 


100 


:':*: NegativB predictive value 


86 


95 


90 



10 



* Results are calculated per scrum according to flie analysis of saum samples 
from patients wifli systemic candidiasis, and 19 serum samples from controls, 

* In order to be positive flie titer of any of tbe two antibodies had to be either 
equal to or exceed log 3, or the combined values equal to or more than log 5. 
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Discussion 

The diagnosis of invasive candidiasis is extremely difficult, both clini- 
cally and microbiologically (Jones, J. M. 1990. Laboratory diagnosis of inva^ 
5 slve candidiasis. Clin Microbiol Rev 3:32-45). To solve this problem, serologi- 
cal diagnostic methods based on detection of marker substances as well as an- 
tibodies to Candida have been used (de Repeatigny, R, J. KnylcendaU, F. 
W. Chandler, J. R. Broderson, and E. Relss. 1984. Comparison of sermn 
roamian, arabinitol, and mannose in experitn«Grtal disseminated candidiasis. J 
10 Clin Microbiol 19:804-12; Gntlerrez, J., C. Maroto, G. Piedrola, E. Martin, 
and J. A. Peret 1993. Circulating Candida antigens and antibodies: nsefial 
markers of candidemia. J din Microbiol 31:2550-2; Obayasbf, T., M. Yo- 
shida, T. Mori, H. Goto, A. Yasuoka, H. IwasaU, H. Teshima, S. Kohno, 
A. Horiuciii, A. Ito, and et aL 1995. Plasma (l~>3>beta-D-glucan measure- 
15 ment in diagnosis of invasive deep mycosis and fungal febrile episodes. Lancet 
345:17-20; Relss, E., T. Obayastai, K. Orle, M. Yosidda, and R. M. Zan- 
cope-Ollveira. 2000. Non-cultaire based diagnostic teste for mycotic infec- 
tions. Med Mycol 38:147-59). Some of these techniques are commercially 
available, but iheir clinical reliability of tiiesc products is still controvCTSial. In 
20 the present study ghican determination and analysis of IgGl anti-CW and IgG2 
anti-PPM antibodies were found to be reliable and early markers of systemic 
candidiasis. All patients within the first two weeks of systemic candidiasis 
were positive for glucan. The ghican concentrations in all controls were below 
Ae cut-off value (<20 pg/ml). Likewise, patients with IgGl anti-CW or IgG2 
25 anti-PPM with a high titer log 3), or the combined titer of die antibodies 
(titers log 5) showed 92 % sensitivity and 100 % specificity. 

P(l->3)-ghican is a structuxal component of C albicans cell wall as in 
all medically important fungi. In the report by Obayashi, glucan determination 
was found to be a promising melhod for detection of patients widi deep myco- 
30 sis which is in agreement widi our results. Obayashi et al. showed that 37 out 
of episodes of definite fungal infections had positive results and all of die epi- 
sodes of n<m-fimgal infectons had glucan concentrations below die oA-oS 
value (sensitivity and specificity of 90 and 100%). However the positive pre- 
dective valties of the test was estimated as 59% since 26 out of 102 episodes of 
35 fever of unknown origin had plasma ccmcentration more than die cut-off value 
(Obayashi, M. Yoshida, T. Mori, H. Goto, A. Yasuoka, H. IwasakS, H. 
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Teshima, S, Kohne, A. HoriucM, A. Ito, and et aL 1995. Plasma (1~>3)- 
beta-D-glucan measurement m diagnosis of invasive deep mycosis and fungal 
febrile episodes. Lancet 345:17-20). Theliigh concentrations of J?(l-3)-glucan 
in blood may also be found in patients with non-fungal infections redeving 

5 haemodialysis using cellulosic membiano (Obayashi, M. Yosbida, H. 
Tamura, J. Aketagawa, S* Tanaka, and T. KawaL 1992. Detemiination of 
plasma (1— >3>-beta-D-glucan: a new diagnostic aid to deep mycosis. J Med 
Vet Mycol 30:275-80). In our study, the glucan concentration was detennmed 
in three consecutive serum samples from patients under treatmaat with flucyto- 

1 0 sine. Since 80% of the patients who died fiom tiie infection showed ghican 
values over 120 pg/nd while only 20% among the survivozs, an increasing or 
continued high ghican level despite the antifimgal treatment seemed to predict 
a more severe infection or inadequate anti-mycotic treatment Obayastd et. al. 
observed a similar relation between ccmcentration of glu^n and development 

15 of the infection. The plasma P(l-3)-glucan concentration tended to decrease as 
antifungal therapy brought clinical improvement (Obayashi, T., M. Yoshida, 
H. Tamura, J. Aketagawa, S. Tanaka, and T, Kawai. 1992. Determination 
of plasma (1— >3)-beta<-D-glucan: a new diagnostic aid to deep mycosis. J Med 
Vet Mycol 30:275-80). In a murine model, water-soluble polysaccharide pre- 

20 pared firom C albicans containing tiie mannoprotein-p-glucan conq>lex cleared 
very quickly firom blood. It was suggested that circulating P(l-3)-glucan in pa- 
tients originates from infecting fimgi, and should rapidly disa[^ear with the 
killing of the fungus (Karihara, K, N. N. Miura, M. Uchiyama^ N. Ohno, Y. 
Adachi, M. Aizawa, H. Tamura, S. Tanaka, and T. Yadomae. 2000. Meas- 

25 urement of blood clearance time by Limulus G test of Candida-water soluble 
polysaccharide fiaction, CAWS, in mice. FEMS Imnranol Med ^Gcmbiol 
29:69-76). Thus, the success of the antifimgal treatment in patients with sys- 
temic candidiasis migfht be monitored by consecutive analysis of ghican, 

For detection of circulating mannan, Pastorex Candida was used. How- 

30 ever none of the patients showed detecteble mannan levels. Rapid clearance of 
mannan fiom the circulation, a small quantity of mannan released, and forma- 
tion ofmannan-anti mannan antibody complexes in the blood may complicate 
detection of mannan (Jones, J. M, 1980. Quantitation of antibody against cell 
waU mannan and a major cytoplasmic antigen of Candida in rabbits, mice, and 

35 humans. Infect Immun 30:78-89). 
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The inventors and cowork^s recently lepoited that IgG antibodies to 
native CW and PPM were higjily discriminatoiy for systemic candidiasis as 
con^ared with healthy blood donors (Kondoii, L. Edebo, and I. 
Mattsby-Baltzer. 2001. Candida albicans cell wall antigens for serological 

5 diagnosis of candidemia. Medical Mycology). In the present study a more de- 
tailed analysis of the antibodies to C albicans cell wall antigens was per- 
fomied. The IgG subdass antibody response in patients wi& systemic candidi- 
asis to cell wall antigens was predominated by IgG2 antibodies, but also to a 
certain exSeat by IgGl and IgG3 antibodies. The protein present in the native 

10 CW may be the primarily involved antigen for the IgGl and IgG3 antibodies, 
since fliese IgG subclasses aie mainly induced by protein antigens 
(Hammarstroni, Lh M. Graii5trom» V. OxeliiiSt M. A. Persson, and C. L 
Smith. 1984. IgG subclass distribution of antibodies against S. aureus teichoic 
acid and alpha-toirin in nomial and immunodefidCTt donors. Clin Exp Immu- 

15 nol 55:593-601; Shaldb» and D. It Stanworth. 1980. Human IgG sub- 
classes in healtii and disease. (A review). Part I. Ric Qin Lab 10:463-79). The 
response to polysaccharide antigens, such as dextran (al*6 glucose polysac- 
charide), is predominated by the IgG2 subclass (Yonnl^ J., M. M. Domer, 
H. G. Kunkiel, and £. A. Kabat. 1968. Studies on human antibodies. VI. Se- 

20 lective variations in subgronp composition and genetic markers. J Exp Med 

127:633-46). The predominance of IgG2 subclass antibodies to C albicans cell 
wall antigens obs^ed is anticipated since the major part of the cell wall is 
composed of carbohydrates. Keller et al. showed that nomial human serum 
contains high level of IgG antibodies directed to glucan component of Ihe 

25 nonencqpsulated Cryptococcus neoformans cell wall. The antibody activity can 
totaly be blocked by glucan from Saccharomyces cerevisiae. These IgG anti- 
bodies were of IgG2 subclass (KeUer, R. G.^ G. S. Ffrommer, and T. IL 
KozeL 1994. Occurrences, specificities, and functions of ubiquitous antibodies 
in human serum that are reactive wifli the Cryptococcus neoformans cell wall. 

30 Infect Immun 62:215-20). IgG2 antibodies to PPM» of which 909^ is polysac- 
charide, were significantly higher in patients witii systemic candidiasis comr 
pared to the controls* Only one serum sample was negative with regard to this 
antibody in the patioit group (Fig 8d), This serum sanqple was collected fix>m a 
patient at the onset of infection. 

3S These results show die potential value of antibodies in the laboratory as- 

sessment of pati^ts with systemic candidiasis, which is in agreement with oih- 
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ers (Sendid, B.^ M. Tabouret, J. L- Poirot, D, Mathieu, J, Fruit, and D. 
Poulain. 1999. New enzyme immunoassays for sensitive detection of circulat- 
ing Candida albicans TnaTiTian and antimannan antibodies: usefol combined test 
for diagnosis of systemic candidiasis. J Clin Microbiol 37:1510-7; van De- 
venter, A. W. EL Goessens, J. van Zeijl, J- W. Monton, M. F. Michel, 
and H. A. Verbrugh. 1996. Kinetics of anti-mannan antibodies usefbl in coup 
firming invasive candidiasis in iinmuaocompfoniised patients* Microbiol Im- 
munol 40: 125-3 1). With our CW and PPM antigens all patiente witti systemic 
candidiasis except one were positive in their antibody levels within the iBist 
wedc of their infection. The highest IgG2 anti-PPM antibodies were found 
whidiin 7-13 days after cultivation of Candida, which is in agreement widi van 
Deventer et al. which obscavcd that anti-mannan antibody titer in immnuo- 
compromised pati^ts witfi invasive candidiasis increased whitiiin two weeiks 
after the possible onset of invasive candidiasis.(van Deventer, A* H. 
Goessens, J* H. van ZeSJI, J. W« Monton, M. F. Michel, and IL A. Ver- 
brugh* 1996. Kinetics of anti-mannan antibodies useful in confirming invasive 
candidiasis in immunocompromised patients. Microbiol Immunol 40:125-31). 
Sendid et al. showed that combined test for detection of circulating mannan 
and anti-mannan antibodies is useful for detection of patients with systemic 
candidiasis, with the sex^itivity and specificity of 80 and 93% which were cal- 
culated per patient^ when at least one seram was positive by one of the tests. 
Sendid et aL demonstrated that seinn samples with high concentration of circu* 
lating mannan had a low level of antin[iazman antibodies and vice v^a 
(Sendid, Tabouret, J. L. Poirot, D. Mathieu, J. Fruit, and D. Pon- 

lain. 1999. New enzyme immunoassays for sensitive detection of circulating 
Candida albicans mannan and antimannan antibodies: usefiil combined test for 
diagnosis of systemic candidiasis* J Clin Microbiol 37:1510-7). The inventors 
did not find any assosiation of curculating glucan and IgG2 anti*glucan, PPM 
and CW in serum. However, a very significant correlation was found between 
circulationg glucan and IgM anti-CW antibodies. 

Patients survive the ftmgal infection had significantly lower ratios of 
IgOl anti-CW to IgG2 anti-PFM antibodies during the first week after isola- 
tion of Candida. That high conc^trotion of IgG2 antibodies may interfere with 
binding of IgGl or IgG3 and thereby diminishing or preventing the bacteria 
firom being properly phagocytosed has been suggested for patients with high 
IgG2 antibodies to P. aeruginosa in ^stic fibrosis (Pressler, T,, B. Mansa, T. 
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Jensen, S. S. Pedersen, N. Hoiby, and Koch. 1988. Increased IgG2 and 
IgG3 concentxatioii is associated with advanced Pseudomcnas aeruginosa in- 
fection and poor pulmonary function in cystic fibrosis. Acta Paediatr Scand 
77:576-82). Poor binding of IgG2 to Fc receptors on macrophages and neutro- 

S phOs tnay assist the fLmgi in escaping phagocytosis. The predominance of fhe 
IgG2 subcla^ antibody response, may also reduce by complement activation 
and subsequent killing mechamsms^ since IgG2 fixes complement poorly. In 
addition, IgG2 antibodies may also minimize the inflammatory effects of 
formed immuneccnnplexes (Schnmaker, V. N*, M • A« Calcott^ H. L. Spiegel- 

10 berg, and H. J« MuUer-EberhanL 1976. Ultracentifiige studies of the binding 
of IgG of different subclasses to fhe Clq subunit of the first component of 
complemenL Biochemistry 15:5175-81). 

No consistent difference was found in the differmt antibody responses 
to die C albicans cell wall antigens between patients infected with C albicans 

IS and those infected with otiier Candida species. This is not suzprising, since 
mannans of different Candida species have similar structures and share com- 
mon epitopes, which cross-react with antibodies to C albicans (Snzold, iS. 
1997. Immunochemical study on mannans of genus Candida. L Structural in- 
vestigation of antigenic factors 1, 4, 5, 6, 8, 9, 11, 13, 13b and 34. CurrTop 

20 Med Mycol 8:57-70). The inventors have observed that serum from rabbits 

immunized with C albicans cross-reacts with PPM extracted firom C glesbrata 
and C parapsilosis. However out of the seven altogether negative anti-CW 
tests encompassing IgGl, IgG2 and IgG3 antibodies five represented all the 
patients infected with non-albicans Candida species. This mig^t be a result of 

25 species differaaces with respect to CW antigens. Furtiieimore, failure of anti- 
CW IgGl, IgG2 OT IgQ3 antibody response may be an indication to use amti- 
fimgal treatment covering non-albicans species, whereas when fhe titers of all 
tiiese substances are significant aalAralbicans treatment should suffice. 

The time required fen: diagnosis of systemic candidiasis is an inqiortant 

30 &ctor in decreasing the mortatity among these patients. Thus, a positive 
predictive value of the ghican and antibody analyses at the onset of systemic 
candidiasis is of help when initiating an early treatment by antifungal. The 
treatment of patients with invasive iungal infections by antifungal agents, 
however, is limited and does not differ much with ihe fungal species. It may 

35 therefore be more practical to analyse a blood sample for p(l->3)-gIucan and 
antibodies first and if these parameters are positive start antifimgal therapy 
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immediately, while searching fear fimgal species. By ftis strategy Ihe mortality 
among patients with invasive fungal infections may be decreasedL 
In conclusion, our results suggest that the combination of IgG2 anti-PPM, 
IgGl anti CW, and glucan constitute a reliable panel of laboiatory teststo di- 
5 agnose patients with systemic candidiasis in an early stage. 
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CLAIMS 

1 . Use of a combinatioii of aa IgG2 aatibcdy to a phospihopeptido- 
inaiuifliiOPPM) ftactioii ofthe cell wall ofCattic(ws, and an IgGl antibody to 

5 a C albicans cell wall antigen, and glucan for the diagnosis of candidiasis or 
invasive candidiasis. 

2. Use of an antibody to a C albicans cdl wall antigen or to a solubi- 
lized phosphopeptidomflnnan (PPM) fiactlon of Hie cell wall of C albicans for 

10 title diagnosis of candidiasis or invasive candidiasis. 

3. The use aecoiding to claim 2, wteiein said antibody is an IgG2 an- 
tibody. 

15 4. The use accoxding to claim 2, wherein said antibody is an IgGl an- 

tibody. 

5. The use according to claim 2, wherein said antibody is an IgG3 an- 
tibody. 

20 

6. Diagnostic kit for the diagnosis of candidiasis or invasive candidi- 
asis comprising 

• means for drawing a sample firom a patient; 

• means for an assay for the detection of a combination of an IgG2 
25 antibody to a phosphopeptidomannan (PBM) fbaction of tiie cell wall of C albU 

ctois, and an IgOl antibody to a C albicans cell wall antigen, and glucan, 
wherein said sanxple is analyzed for the presence of Hie simultaneous presence 
of an XgG2 antibody to a phosphopqptidomannan (PPM) fiaction of tiie cell 
wall of C albicans, and an IgOl antibody to a C albicans cell waQ antigen, and 
30 glucan. 

7. The diagnostic kit according to claim 6, wherein said assay is a 
sandwich BLISA assay. 

35 8. Diagnostic kit for the diagnosis of candidiasis or invasive candidi- 

asis comprising 
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• means for drawing a saniple &om a patient, 

• means for an assay for the detection of an antibody to a C albicans 
cell wall antigen or to a solubilized phosphopeptidomamian (PPM) fraction of 
the cell wall of C albicans, wherein said sample is analyzed for the presence of 

5 an antibody to a C albicans cell wall antigen or to a solubilized phosphopepti- 
domannan (PPM) fraction of the cell wall of C albicans. 

9. The diagnostic kit according to claim 8, wharein said antibody is an 
IgG2 antibody. 

10 

10. The diagnostic kit according to claim 8, wheiein said antibody is an 
IgGl antibody. 

1 1 . The diagnostic kit according to claim 8, wherein said antibody is an 
15 IgG3 antibody. 

12. The diagnostic kit according to any one of the claims 8-1 1, wherein 
said assay is a sandwich 0JSA assay. 

13. A method for diagnosing candidiasis or invasive can^diasis a pa- 
tient compiising 

• drawing a sample from the patient, and 

• performing an assay for the detection of an IgG2 antibody to a phos- 
phtjpeptidomannan (PPM) fraction of the cell wall of C albicans, and an IgGl 
antibody to a C albicans ixll wall antigen, and glucan, 
wherein the simultaneous presence of an IgG2 antibo^ to aphosphopeptido- 

(PPM) fraction of the cell wall of C albicans, and an IgGl antibody to 
a C albicans cell wall antigen, and glucan indicates candidiasis or invasive 
candidiasis in the patient 

14. A method for diagnosing candidiasis or invasive candidiasis a pa- 
tient comprising 

• drawing a sample from the patient and 

• p erfoxmL ag an assay for the detection of an antibody to a C albicans 
cell wall antigen or to a solubilized phosphqpeptidomannan (PPM) fraction of 
the cell wall of C albicans. 
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wherein the presence of an antibody to a C albicans cell wall antigen or to a 
solubilized phosphopqptidotnannan (PPM) fraction of the cell wall of C albi- 
cans indicates candidiasis or invasive candidiasis in the i>atient 

5 IS. Use of an antibody for the diagnosis of candidemia or invasive Can- 

dida infection. 

16. The use accordins to claim 1S» wherein said antibody is an IgG an- 
tibody to a native cell wall fragment of C albicans, 

10 

17. The use according to claim 15, wherein said antibody is an IgG an- 
tibody to a solubilized phosphopeptidomaiman (PPM) fraction of the cell wall 
of C albicans. 

15 18. The use according to claim 16 or 17, wherein said IgG antibody is a 

human serum IgG antibody. 

19. Diagnostic kit for the diagnosis of candidemia or invasive Candida 
infection comprising 

20 • means for drawing a sample from a patient^ 

• means for an assay for the detection of an IgG antibody to a native 
cell wall fragment of C albicans or an IgG antibody to a solubilized phos- 
phopeptidomannan (PPM) fraction of the cell wall of C albicans, wherein said 
sample is analyzed for the presence of an IgG antibody to a native cell wall 

25 fragment of C albicans or an IgG antibody to a solubilized phosphopeptido- 
mannan (PPM) fraction of the cell wall of C albicans, 

20. The diagnostic kit according to claim 19, wherein said assay is a 
sandwicsh KJS A assay. 



30 



21. The diagnostic kit according to claim 19 or 20, wherein said anti- 
body is a human s^rum IgO antibody. 
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22. A method for diagnosing candidemia or invasive Candida infection 
in a patient comprising 

• drawing a sample from the patient, and 
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• performing an assay for flic detection of an IgG antibody to a native 
cell wall ftagmcnt of C albicans or an IgG antibody to a solubilized phos- 
phopeptidomannan (PPM) fraction of flic cell wall of C albicans ^ 
wherein the presence of an IgG antibody to a native cell wall fragment of C 
S albicans or an IgG antibody to a solubilized phosphopeptidon:iannaii (PPNO 
fraction of flie cell wall of C albicans indicates candidemia or invasive Can-^ 
dida infection in the patient. 



10 



23. The mefliod according to claim 22, wherein said antibody is a hu- 
man serum IgG antibodjr. 
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ABSTRACT . ■ 

The use of an antibody to a C albicans cell wall antigen or to a solubi- 
lized phosphopeptidoniaiman (PPM) fiaction of the cell wall of C albicans, or 

5 preferably a coinbmationofanIgG2antibo^ to a phosphopqjtidonia^ 

CPPM) ftactian of the cell wall of C albicans, and an IgOl antibody to a Cii/- 
bicans ccsll wall antigen, and glacan, in the diagnosis of candidiasis orinvasive 
candidiasis is disclosed. Fux&ennoie, the use of an antibody, such as an IgG 
antibody to a native cell wall fiagment of C albicans or an IgG antibody to a 

10 solubilized phosphopeptidomannan (PPM) fraction of die cell wall of C albi- 
cans m the diagnosis of candidemia or invasive Candida infectioa is dtscl(»ed. 
Also dia^iostic tests are disclosed. 
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